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FOREWORD

N ALMOST every aspect of building the architect,
the builder, and the contractor are hearing about
products made of plastics, or of other building mate-
rials combined with plastics, for their consideration
in design and construction. Since the performance
of any material or product is of constant concern to
the building professions, it is natural for them to
have many questions about any new materials avail-
able for building purposes.

While some plastic materials have been used for
many years by the building industry, the tremendous
development of the plastics industry since World
War II has focused attention on its possibilities in
the construction field. The plastics industry believes
that, used correctly, its products have a place in the
great building market. Plastics industry technologists
want the construction industry to have a true account
of the qualifications and potentialities of their mate-
rials for appropriate uses in building.

The contents of this book comprise the views of
many of the foremost authorities in the plastics,

chemical and building industries concerning the past,
present and future uses of plastics in building.

These views were first presented at a conference
on Plastics in Building conducted by the Building
Research Institute in Washington, D. C., October 27
and 28, 1954. Also included are selected questions
as asked by attendants at this conference, and the
answers given by the authoritative speakers.

The Plastics in Building conference was sponsored
by The Society of the Plastics Industry, Inc., the
Manufacturing Chemists’ Association, Inc., and the
Building Research Advisory Board. It was the sec-
ond conference conducted by the Building Research
Institute to bring together technical people from all
sectors of the building industry to discuss the appli-
cation of a specific material to building. (The first
was on porcelain enamel.) Such conferences are
entirely technical and objective in nature and have
for their purpose the stimulation of progress in the
development of building materials and products.
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PLASTICS USED IN
BUILDING CONSTRUCTION

By E. B. Cooper (E. I. du Pont
de Nemours and Co., Inc.)

THE general properties of plastics—translucency,
formability, and that fact that when they are
reinforced their strength approaches that of steel—
provide new degrees of freedom in architectural de-
sign. Because there are many chemical types of plas-
tics with significant differences among them, it is
important to select the plastic which is best suited
to the specific purpose desired. One of the more
important facts about plastics is their ability to move
under stress and, when the stress is removed, to re-
turn to their original position. It is important to
know that under a sustained stress the plastic will

deform — called “creep” — and when the stress is
removed the plastic will return to its original form
slowly.

There are two broad classes of plastics: thermo-
setting and thermoplastic. Plastics made from thermo-
setting resins undergo a chemical change when they
are molded; those made from thermoplastic resins
simply soften when heated to the fabrication tempera-
ture and undergo no chemical change.

Thermosetting plastics are outstanding for rigidity,
relatively low creep under load, and for solvent re-
sistance. The principal ones are phenol formaldehyde,
urea formaldehyde, melamine formaldehyde, and poly-
esters.

There are many types of thermoplastics. The oldest
is cellulose nitrate, discovered more than a century
ago and first used for billiard balls. Cellulose acetate
is tough and strong, takes outdoor exposure, and is
available in sheets, rods, and tubes. Cellulose acetate
butyrate is outstanding for toughness, impact strength,
dimensional stability and ease of fabrication. Ethyl
cellulose is unusually tough and dimensionally stable
even at very low temperatures. Polystyrene is a rigid,
clear plastic in its unmodified state. Used with fibrous
fillers, or by blending with polymers, its impact
strength is greatly improved. Acrylic plastics are
famed for their clearness and strength; the “blisters”
on aircraft are familiar to all. Vinyl chloride plas-
tics are used structurally in rigid sheets and as pipes.
Crystalline thermoplastics are strong and tough; some

have excellent chemical resistance and some can be
used at very high temperatures. Polyethylene is tough,
is used widely in packaging, wire covering, extruded
pipes, industrial tanks, tank liners and containers.

Plastic foams are used for thermal insulation and
core material for lightweight structural members and
panels. Polyvinyl butyral is used as the interlayer
for safety glass.

PHYSICAL AND ENGINEERING
PROPERTIES OF PLASTICS

By Albert G. H. Dietz (Massachusetts
Institute of Technology)

HE range of the physical properties of plastics

is as great as the range of metals and is much
greater than those of either timber or concrete. De-
pending on the formulations and reinforcing mate-
rials, plastics can be extremely weak or extremely
strong. To a degree, plastics behave in an elastic
manner. Their plastic behavior—creep or flow—de-
pends on the load or stress applied, and the rate and
duration of application. Many plastics exhibit a time-
dependent plastic behavior: the plastic behavior is
greater at higher temperatures; as the temperature
drops they become stiffer and stronger, eventually .
become brittle at 0° F. or lower. When desiring to
use plastics—especially thermoplastics—temperature,
stress, and duration of load must be considered if
designing for strength.

Fillers and plasticizers greatly modify the proper-
ties of plastics. They can make a brittle, hard-to-mold
plastics like phenolic resin which is rather costly,
more moldable and less expensive to use. Electrical
properties, heat resistance, toughness, strength, flame
resistance, stability, and shrinkage, can be improved
through the use of fillers and plasticizers.

Laminates and reinforced plastics—plastics com-
bined with sheet or fibrous materials to produce a
composite—offer high strength in large sized units.
Such reinforced plastics are used for wall coverings,
table tops and counter fronts, for example, where
strength, toughness and resistance to marring, water,
alcohol, and common solvents give a low maintenance
cost.

The variety of reinforcing materials available gives
the engineering designer wide latitude in tailoring
materials to his requirements.
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Sandwich construction—two thin, hard, strong fac-
ings combined with a relatively thick, lightweight,
weak core, offer lightness, strength and rigidity. Many
combinations of materials can be employed. Plastics
can be used for structural and decorative facings.
Cores can be made of foamed plastics or honeycombs
or resin-impregnated paper.

The thermal expansion of plastics is high and must
be kept in mind. Thermal conductivity is low; plas-
tics are better insulators than metals, though few
approach the heat insulating value of wood perpen-
dicular to the grain. Corrosion resistance is one of
the most attractive features of plastics. At least one
resists nearly all corrosive conditions found in build-
ing.

All plastics can be destroyed by fire; some burn
easily and some may be self-extinguishing depending
on the base, filler, and plasticizer. Some have out-
standing temperature resistance.

Weather resistance at present is an uncertain factor,
particularly over a long period, due to the relative
newness of the industry; there are, however, some
fine records of use from such as the acrylics—used
as aircraft glazing and in outdoor applications—for
periods ranging up to twenty years. Loss of gloss
and a dulling of color can be expected from some
plastics exposed to weather. Reliable data is needed
on weather tests since the life of buildings is usually
thought of in terms of twenty to fifty years. Trends
in building construction and design will have a major
effect on the use of plastics. Two are important at
present: shop-fabrication of building units, and the
use of large clear spans with no internal support.

EVALUATING PLASTICS FOR
BUILDING APPLICATIONS

By Tyler S. Rogers (Owens-Corning
Fiberglas Corporation)

TWO properties must be taken into consideration
to evaluate effectively the uses of plastics in
building. They are the molding and fabrication pro-
cesses, and the economic relationship of plastics to
similar products made of other materials.

The final plastic product is influenced by fillers
used, temperatures and pressures employed in the
molding operations, workmanship, and even humidity.
Molding methods are illustrated and described in this
paper.

Cost is important in many ways. Sometimes, plas-
tics may be used because no other method will make
the part as economically. However, in most cases a
variety of factors is involved. The initial costs—
materials, dies, molds, etc—may be high but may be
offset by rapid production. The use for which the
plastic part is intended, physical and chemical factors,
even decorative use, may all be important considera-
tions. All or several may offset higher costs.
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The factors favoring plastics for building use in-
clude formability, colorability, durability, chemical
resistance, low thermal transmission, clarity, electrical
characteristics, and physical strength. Some limiting
properties are elastic behavior, stiffness, thermal ex-
pansion, heat tolerance and weathering.

LIGHT-TRANSMITTING PANELS

By John S. Berkson (Alsynite
Corporation of America)

WEATHER resistance of fiberglass reinforced
plastics in the light-transmitting field is not all
that could be desired at present. However, it has
greatly improved in recent years. Fiberglass rein-
forced plastics are now used in the awning field. It
offers the advantages of an awning—reduces the
light—and overcomes the disadvantage of darkness
by having a high light diffusion value. Corregated
fiberglass material offers interior daylighting, uni-
formally diffused, and can be attractive and decora-
tive through various applications and colors that may
be architecturally engineered.

In cost comparisons, things to consider are: fiber-
glass needs no special framing; it can be sawed,
nailed, screwed and molded into place; it is light-
weight; it is shatterproof; is a high diffusing agent;
and is decorative. These light-transmitting panels
have an unlimited range of colors. The tensile
strength is about 15,000 psi; flexural strength, about
24,000 psi. As with all plastics, its correct applica-
tion is important.

GLAZING AND INTERIOR
ILLUMINATION

By O. L. Pierson (Rohm &
Haas Company)

IGHT-TRANSMITTING plastics are also used for
skylights, luminous ceilings, facades, and light-
ing fixtures, as well as glazing. The water-white trans-
parency of the basic acrylic plastic permits a full
spectrum of colors from neutral gray for glare con-
trol to diffusing, translucent colors. Special composi-
tions transmit more ultraviolet light than normal
glass glazing. In cast sheet form the material is avail-
able in sizes up to 8 by 10 feet and from 1/16 inch
up in thickness.

Vinyls are not recommended for long-term outdoor
use. They are extremely tough and so can be used
in very thin sections, and are self-extinguishing. Thin
sheets are usually corrugated to provide rigidity.
Vinyl is transparent but is normally used as a white
translucent for diffusion of artificial lighting.

Polyesters, with fiberglass reinforcement, have great
strength and can be made in a variety of custom
shapes and sizes. They have good weather resistance.
They are widely used as corrugated panels and are
translucent due to the fiberglass reinforcement.



PLASTIC THERMAL INSULATIONS
AND VAPOR SEALS

By R. N. Kennedy (The Dow
Chemical Company)

ASICALLY, plastics are a poor conductor of

heat. Therefore, in their expanded form, they

meet accepted values for thermal insulation. Ex-

pander plastics, in many cases, are also resistant to

accumulations of water and ice, are odorless, and will

not decay or rot. They have a high strength-weight
ratio.

Most expanded plastics due to high cost—a few
because of low strength or resistance to water—have
not been acceptable to the building industry as insula-
tion. There is one exception: expanded polystyrene.
It meets insulation requirements and has been used
in many ways including low-temperature insulation
for freezer and cooler spaces in refrigerated trucks,
railroad cars, ships and domestic refrigerators.

Expanded polystyrene was first used as a combina-
tion moisture barrier and insulation, and plaster base,
in masonry block houses about eight years ago. It is
an excellent roof insulation, though special techniques
are required for built-up roofs. It is also being used
as a core material in sandwich construction.

Low-cost polyethylene film is being used as a vapor
barrier in walls, under floor slabs, and in crawl spaces
in dwellings.

PLASTICS IN STRUCTURAL PANELS

By A. T. Waidelich (The Austin
Company)

T IS only recently that plastics have been introduced
to the production of large prefabricated units,
made up of two or more components. The larger
the quantity that is produced, of course, the more
economical is the product. If this is to be done, de-
signers must depart from traditional methods for
the small home. Much of the skeletal framework
can be eliminated and the walls, partitions and roof
can then be made up of relatively few prefabricated
structural panels.

Sandwich panels have been made with thin, strong
exterior faces and a thicker, lightweight core. Veneer,
plywood and aluminum facings have been used.

Expanded polystyrene forms a good bond with con-
crete. Interior plaster can be applied directly to
boards of expanded polystyrene plastic.

At present, plastics for the structural framing of
large buildings is not competitive in cost with steel
or concrete nor do they yet have the needed strength.
They are being used as wall panels and partitions for
some large structures, however, and are supported
with steel framing.

Since curves pose no problem to plastic shapes,
they can and are being used for concrete forms which
are difficult to fashion from wood.

SURFACING AND DECORATIVE USES
OF PLASTICS IN BUILDING

By Hiram McCann (MODERN PLASTICS)

THERE are three basic types of resiliant vinyl
floor covering: flexible, semiflexible, and rigid.
The author states that first vinyl flooring was laid
in 1933 and is still in use and nearly as good as
new. The paper tells about 13 manufacturers vinyl
flooring products.

Under decorative uses the author tells of the two
main categories of decorative thermoset laminates,
gives a number of trade names, their qualities and
uses. In regard to polystyrene wall tile, builders are
urged to follow National Bureau of Standards specifi-
cations. Spray coating with vinyl is discussed for
its decorative effect and durability.

PLASTIC PIPING

By J. S. Whitaker
(The Bakelite Company)

LASTIC piping is being used for water, sewerage,

gas, and electric distribution. Pipe fittings are
made of plastics. Inherent advantages are light weight,
corrosion resistance and handling ease.

Plastics most widely used for piping are acrylo-
nitrile copolymer blends, cellulose acetate butyrate,
polyethylene, polyvinyl chloride (PVC), polyvinyli-
dene chloride (Saran), and combinations of glass
fiber with thermosetting resins. Each material has
properties suitable for certain uses. PVC and Saran
are self-extinguishing; polyethylene is the lightest
and most flexible; the glass-reinforced materials have
a low thermal coefficient and closely match the co-
efficient of steel.

Polyethylene is popular because of its flexibility
and chemical inertness. Cellulose acetate butyrate is
semirigid and can be handled in long coils; it is
available as a clear transparent pipe. Acrylonitrile
copolymer blends are rigid and weigh about one-
seventh as much as steel; it is made in standard and
extra-heavy wall iron-pipe sizes and is usually
threaded, as are its fitting and adapters. It can be
solvent welded.

Being light in weight, blastic pipe requires less
support than metal pipe. For exterior disposal lines,
it can be assembled above ground and buried in very
narrow trenches. The flexible pipe need not have a
level-bottom ditch for it will conform to uneven
surfaces,

Plastic pipe is now being made in standard wall,
heavy wall, and light wall sizes for domestic sewer
lines, water lines and other plumbing purposes.
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PLASTIC DUCTS AND CONDUITS

By Raymond B. Seymour (Atlas
Mineral Products Company)

M ANY types of plastic materials have been em-
ployed for ducts and conduits in the past 15
years; they have been used extensively in Europe
but, until recently, had a limited use in the United
States. Wide selections of plastic materials now are
available but the user must pay close attention to
physical and chemical properties in order to select
the right material. This paper gives the physical and
chemical properties of the different kinds of plastics
for ducts and conduits. There is a section on applica-
tion data with a list of successful applications to date.
The writer stresses that plastics cannot replace all
materials for all purposes. Big advantages are cor-
rosion resistance, light weight, and good flow char-
acteristics—few materials can compete with plastics

in these instances if the operating temperature for the
duct work is below 150° F.

STANDARDS FOR PLASTIC PRODUCTS

By Gordon M. Kline (National
Bureau of Standards)

LASTICS are a relatively new material in the

construction field and as a result the process of
standardization is an evolving one. There are two
kinds of standards, static and dynamic. The former
provides quantitative and reproducible measures for
well-defined masses or constants; the latter serves as
a yardstick of quality in a diverse and changing sys-
tem. Dynamic standards are greatly needed to help
provide a medium to guide producers and consumers
of a new material for building in its utilization and
development. The continually growing “standard of
living” in the United States is a dynamic standard.
The author tells of some published standards for plas-
tics and explains the National Bureau of Standards
Plastics Section is accomplishing for plastics stand-
ards. There is a reference list of published standards.

BUILDING CODE REGULATION OF
PLASTIC BUILDING MATERIALS

By F. J. Rarig (Rohm & Haas
Company)

UILDING code regulations represent a very

potent exercise of police power over a $40 bil-
lion building industry. The demand for uniformity
in regulations is very insistant. Among the organiza-
tions working to this end are the Building Officials
Conference of America, Pacific Coast Building Con-
ference, Southern Building Congress. American
Standards Association, National Board of Fire Under-

writers, Underwriters Laboratories, and the National
Bureau of Standards. The evaluation and approval ot
specific building materials, the inspection and regula-
tion of them, is secured by codes based on perform-
ance standards. The overlapping of enforcement
agencies, the duplication of study and work by each,
different administrative determinations, duplication of
licensing fees, are problems that need attention.

As new materials, like plastics, are introduced into
the building field, code officials must be supplied with
standards factors for them. The plastics and building
industry can work together to help the code officials
and others to get this information. The author tells
of the basic problems that arose in attempting to get
plastic materials accepted by local code administrators,
Plastics had to be defined, data set up for building
inspectors, and “enabling legislation” proposed which
would allow the building officials to approve the
standardized plastics for specific uses, as well as set
up limitations on the uses.

The author concludes that the regulatory pattern
can be established only when the problem has been
defined by the demand for the use of material. This
is a possible reason why the regulatory program has
not been able to keep pace with commercial aspira-
tions

THE FUTURE OF PLASTICS
IN BUILDING

By Johan A. Bjorksten (Bjorksten
Research Laboratories, Inc.)

HIS is an exploratory, realistic, and highly imag-

inative paper on building in plastics. The author
discusses the advantages of using plastics: high
strength to weight ratio; translucency; continuity of
structure; and fire resistance.

He suggests mass production techniques which can
minimize labor costs. Though costs are often high,
he points out that special uses may justify plastics
and gives an example of adding a second story to a
building which, structurally, was built for only one
story. He explains how plastics could be used suc-
cessfully for underground construction since they over-
come difficulties inherent to most waterproofing com-
pounds and materials presently used by the building
industry. He concludes with an imaginative discus-
sion about plastic floating structures placed on the
tropical seas and used to raise produce for the ever-
growing and hungry world.

The round-table session which follows this talk is
both imaginative and practical, including as it does
talks on successful uses of plastics in construction
and talks on some future uses which are now getting
beyond the laboratory stage.
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PLASTICS USED IN BUILDING CONSTRUCTION

By Edward B. Cooper*
E. 1. du Pont de Nemours & Co., Inc.

SHALL not attempt to describe all of the kinds of

plastics which are now used in the building in-
dustry. Rather, I will discuss the general properties
which make plastics useful materials for construction.
Then, I will distinguish among the principal types
of plastics according to their fields of application in
the building industry. If my text serves as a useful
background for the material which follows, I shall
feel that its mission has been accomplished.

In this presentation, plastics will be designated by
chemical type of resin, rather than by trademark or
manufacturer, It should be understood that plastics,
based on the same resin but formulated by different
manufacturers, may differ widely in properties. The
selection of a particular plastic for a specific use,
therefore, should be made after consultation with the
manufacturers.

Plastics are a relatively new class of construction.
Designers, architects, and engineers are finding that
some old problems in building construction can be
solved through the use of plastics. Restaurant coun-
ters of laminated plastic and plastic floor tile are
recognized for their beauty and durability under
heavy service conditions. Skylights are formed from
weather-resistant, transparent plastics to provide in
one continuous surface the glazing, frame, and flash-

*Edward B. Cooper is the General Laboratory Director of
the Polychemicals Department, E. I. du Pont de Nemours
and Co., Inc,, Wilmington, Delaware. He is a native of Ver-
mont and is a graduate of Berea College and has a Master
of Arts degree from the University of Maine. He also did
postgraduate work at the Massachusetts Institute of Technol-
ogy. Prior to joining du Pont, he taught in the public schools
in Maine, Vermont and Massachusetts and was an instructor
in the University of Maine. He came to du Pont in 1942 as
a Supervisor in the firm’s Chemical Division. Later he be-
came Research Manager of the Division, and in 1950 became
Senior Supervisor of the Polychemicals Department Research
Division. In 1952 he was made Manager of the Application
Research Section of the Polychemicals Department and be-
came General Laboratory Director in 1953. Mr. Cooper was
the leader of the American delegates to the International
Standards Organization meeting in Turin, Italy, in 1952. He
was the co-winner, with R. D. Spangler, of the CHEMICAL
ENGINEERING magazine’s monthly award for January, 1952,
for their studies on “Vibrating Reed Level Detector.” He is
a member of the American Chemical Society, the American
Institute of Electrical Engineers, the Society of Plastics Engi-
neers, and the American Physical Society. He is married and
has two sons and is a resident of Newark, Delaware, where
he is active in the Lions Club and The Newark Recreation
Association.

ing. Plastic foams surpass cork as thermal insula-
tion and are less restricted in size, shape and color.
Plastics reinforced with glass fibers exhibit strengths
approaching that of steel. These strength properties,
coupled with translucency and formability, provide
new degrees of freedom in architectural design.

There are many chemical types of plastics and
many varieties within each chemical type. There are
significant differences among the types and varieties
of plastics. It is these differences which make one
plastic superior to another for specific applications.
There is one structural feature common to all plas-
tics: They all contain resins which are composed of
long, thread-like molecules (Figure 1.1.). The cen-
tral backbone of these long molecules consists of
hundreds, or thousands, of individual atoms. Within
a solid plastic article the molecules are kinked, coiled,
and thoroughly entangled. Figure 1.1 illustrates how
such an entangled mass might appear if magnified
many millions of times,

Plastics are useful as structural materials because
of the way in which this snarl of long, coiled mole-
cules accommodates itself to stresses. The tougher
plastics absorb punishment by yielding to stresses
and then by recovering their dimensions after stresses
are removed. This accommodation to stress and sub-
sequent recovery is thought to be accomplished by
the motion of segments of the thread-like molecules.
This ability to move under stress enables the seg-
ments to equalize local stress concentrations. At least,
for small stresses there is no relative motion of entire
molecules. The displaced segments return slowly to
their original positions after stress is removed. This
property is important when designing structures from
plastics. It is significantly different from properties
of other materials of construction.

Plastics often contain plasticizers which effect the
motion of molecular segments. Polyvinyl butyral,
for example, can be highly plasticized polymer, con-
taining about 20 per cent of a plasticizer. This mate-
rial is used as the interlayer in safety glass. Stretch-
ing a strip of polyvinyl butyral illustrates the char-
acteristic mechanical behavior of plastic in a highly
exaggerated fashion. If stretched 50 per cent and
then released, the strip promptly snaps back to its
original position. But, if it is held in its stretched
position for several seconds, the strip snaps back
only part way to its original position. It will slowly
regain the balance of its deformation, however. This
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characteristic mechanical behavior should be recog-
nized when designing structures using plastics. Be-
cause of it, plastics will slowly deform under sus-
tained loads; we call this “creep.” The plastics slowly
will recover when the loads are removed.

7%
’, 7
I ’,’

« TN

FIG. I.1: Long thread-like molecule common to all
plastics ‘upper), and patterns formed when two or
more molecules associate (lower).
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1 want to emphasize that this illustration is exag-
gerated. The large amount of plasticizer in polyvinyl
butyral results in physical properties at room tem-
perature which unplasticized resins possess only at
elevated temperatures. Even plastics which are ex-
ceedingly strong and rigid at ordinary temperatures
adapt themselves to bear high stresses in this way,
however. The creep deformation of a rigid plastic
under load may be only a fraction of one per cent
in a long period. But when the stress is removed this
tiny deformation slowly disappears.

Although all plastics contain these long, coiled and
kinked molecules, there are vast differences in the
freedom of internal motion among the various plas-
tics. Some plastics have bulky side groups at regular
intervals along the molecular backbone (Figure 1.2).
These side groups, or “chains,” interfere with the
motion of molecular segments. Such plastics are
hard and stiff. But molecules of certain other plastics,
such as polyethylene, have an extremely regular ar-
rangement of small groups or single atoms along
their backbones (Figure 1.3). These molecules pack
together in a regular manner. When they cool from
a melt, the molecules form crystals in which segments
of two or more molecules may be present. These
crystals restrict the motion of molecular segments
and profoundly affect the physical properties of the
resulting plastic. Still other plastics contain molecules
to which are attached groups capable of joining
chemically with groups in other nearby molecules.

FIG. 1.2: Model of polymethylmethacrylate molecule



FIG. 1.3: Model of polyethylene molecule

These chemical cross-links tie the molecules together
and also restrict the internal motion (Figure 1.4).
Rubbers, adhesives, protective finishes, and syn-
thetic fibers are very closely related to plastics. The
common GR-S rubber is a copolymer of butadiene
and styrene. Blending polystyrene with GR-S rubber
yields a tough plastic. Urea formaldehyde and phenol
formaldehyde resins are used both as plastics and
as adhesives. Cellulose nitrate resins are used in
lacquers and in plastics. Nylon is used both as a
synthetic fiber and as a tough, structural plastic.

CLASSIFICATION OF PLASTICS
BY CHEMICAL STRUCTURE

Some commercial plastics contain only one type of
chemical molecule. Many other plastics, however,
contain more than one, either as a blend or mixture,
or through direct chemical bonding. In addition to
the molecular chains, many plastics contain fillers
which -strengthen or toughen the material. Plasti-
cizers are frequently used to facilitate fabrication or
to meet specific needs.

Thermosetting and Thermoplastic Resins: These
are two broad classes of plastics—those made from
thermosetting or thermoplastic resins. These names
refer to the behavior of the plastics during fabrica-
tion. When thermosetting resins are molded they
undergo a chemical change. Cross-links are formed
between molecules, which make the plastic insoluble
and infusible. The material leaving the mold, there-
fore is chemically different from that which enters
the mold.

Thermoplastics, on the other hand, simply soften
when heated to fabrication temperatures. No chemical
change is involved and the material leaving the mold
is identical chemically with that entering the mold.
Thermoplastics can be held at elevated temperatures
during fabrication, so they can be shaped by tech-
niques not applicable to thermosetting plastics. These
techniques include injection molding, melt extrusion,
and the forming of articles from sheet material.

Thermosetting Plastics: Cross-linking of the mole-
cules in thermosetting plastics imposes some limita-
tion on the fabrication techniques that can be used,
but this cross linkage contributes some valuable prop-

erties to the plastic. As a class, thermosetting plas-
tics are outstanding for rigidity, for relatively low
creep under load, and for solvent resistance. Such
properties are of great importance in structural uses.
Thermosetting plastics serve well in many load-bear-
ing applications. The principal thermosetting plas-
tics are phenol-formaldehyde, urea formaldehyde,
melamine-formaldehyde, and polyesters.

Each of these types of plastic is modified by fillers
selected to meet particular requirements. Fibrous

fillers, for example, are used to enhance the impact

FIG. 1.4: Model of phenol formaldehyde resin



FIG. 1.5: Molded phenol formaldehyde resin

strength, while mineral fillers improve heat resistance
and electrical properties. Through these modifications
a very wide range of materials is made available to
engineers and designers. The technical data book
of the Manufacturing Chemists’ Association lists de-
tailed data for seven distinct types of melamine-for-
maldehyde molding powder and for 17 types of
phenol-formaldehyde molding powder.

Phenol Formaldehyde Plastics: Phenol formalde-
hyde resins are used in very large quantities in mold-
ing powders and in laminated sheets, rods, and tubes.
Molding powders are made from phenol formalde-
hydes combined with fillers such as wood flour, cot-
ton flock, chopped paper, fabric, cord, asbestos, mica,
or silica. Compression or transfer molding methods
produce hard and rigid molded articles. These plas-
tics withstand high temperatures, but are limited to
dark colors. Large moldings such as television cabi-
nets and washing machine agitators can be made
readily. Small articles are molded in multi-cavity
molds (Figure 1.5). Laminated phenol formaldehyde
products include sheets, rods, and tubes, which are
used primarily in the electrical industry as panels,
housings, and switch parts.

Urea Formaldehyde Plastics: Urea formaldehyde
plastics are usually filled with pure alpha cellulose,
which permits an unlimited range of colors. Since
the water absorption of these resins is relatively high,
they are not recommended for uses involving con-
tinuous or intermittent exposure to water. These plas-
tics are used in boxes, housings, electrical parts, and
lighting fixtures (Figure 1.6).

Melamine Formaldehyde Plastics: These thermo-
setting plastics are distinguished for their rigidity,
hardness, flame resistance, and low water absorption.
Melamine formaldehyde plastics have many electrical
uses. In addition, colorful and durable dishware is
molded from this type plastic. Laminated melamine
sheets provide durable surfaces for counter and table
tops and for high grade wall panels.
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FIG. 1.6: Ventilator grille of molded urea formal-
dehyde resin

Polyester Plastics: It is noteworthy that this list
of thermosetting plastics contains both one of the
oldest—and one of the newest—synthetic plastics.
Phenol formaldehyde plastics have been important
as construction materials for nearly half a century.
The commercial use of polyesters, on the other hand,
began scarcely a decade ago. Polyesters are the prin-
cipal resins used in the glass-fiber reinforced plastics
structures stimulating so much popular interest. Fish-
ing rods, boats, automobiles, furniture, washing ma-
chines, and translucent roof and wall panels are among
the many successful products resulting from this
marriage of fiber and resin.

The resins are usually supplied as liquids of low
viscosity. They consist of polyester resins dispersed
in a polymerizable monomer such as styrene. A cata-
lyst is added just before the resin is applied to the
glass fibers. The resin may be poured or sprayed on
the reinforcing cloth or mat. The cross-linking, or
curing reaction, requires only moderate temperatures
and pressures, and is completed within a very few
minutes.

THERMOPLASTICS

Cellulosics: A dozen or more chemical types of
plastics have attained commercial stature. Several of
these are based on cellulose.

Cellulose Nitrate: Cellulose nitrate is the oldest
synthetic plastic. It was discovered nearly a century
ago and was used as a material of construction for,
of all things, billiard balls. This plastic is an exceed-
ingly strong material, fabricated readily by sheet
forming, by die cutting, and by machining tech-



FIG. 1.7: Wire mesh reinforced cellulose acetate
sheet

niques. The flammability of cellulose nitrate, how-
ever, has restricted its usefulness considerably. Com-
pression and injection molding operations cannot be
used. Although fire retardants containing chlorine
and phosphates reduce the flammability, there is some
accompanying loss in physical properties.

This tough thermoplastic has served many useful
purposes, from ping pong balls to the interlayer mate-
rial in automotive safety glass. Principal uses today
include eye glass frames, fountain pen barrels, tool
handles, and coverings for wood heels and toilet seats.

Cellulose Acetate: Developed as an improvement
over cellulose nitrate with respect to flammability and
outdoor exposure, cellulose acetate is a strong, tough,
multipurpose thermoplastic. It is available in sheets,
rods, and tubes, and in molding and extrusion com-
pounds (Figure 1.7). To meet the needs of specific
applications, manufacturers of cellulose acetate have
varied its molecular structure, have introduced a wide
range of fillers, and have used various plasticizer
formulas. The technical date book of the Manufac-
turing Chemists’ Association gives detailed data on
the 13 types of cellulose acetate molding powders
covered by the American Society for Testing Mate-
rials specifications.

Cellulose Acetate Butyrate: This cellulosic thermo-
plastic is outstanding for its toughness, impact
strength, dimensional stability, and ease of fabrica-
tion. Typical applications are telephones, automobile
steering wheels, radio housings, and pipes for irriga-
tion and industrial uses. ASTM specifications de-
scribe 12 grades and types of cellulose acetate buty-
rate molding materials. Detailed data are given in
the MCA Technical Data Book.

Ethyl Cellulose: Ethyl cellulose is unusually tough
and dimensionally stable, even at exceedingly low
temperatures. Typical applications include radio
housings, vacuum cleaner parts, and tool handles,

Other Non-Crystalline Thermoplastics: Cellulosics

are non-crystalline thermoplastics. Other principal
non-crystalline thermoplastics include the styrene plas-
tics, the acrylics, and vinyl chloride compounds.

Styrene Plastics: Plastics based wholly or partly on
styrene are used in very large quantities. Unmodified
polystyrene is rigid, clear, and colorless, and has out-
standing electrical properties. Greatly improved im-
pact strengths are possible by copolymerization, by
blending with other polymers, and by the use of
fibrous fillers, Other modifications also have im-
proved the heat resistance of styrene plastics. Typical
uses of this plastic include refrigerator door liners,
transparent containers, toilet seats, automobile in-
strument panels, storage battery cases, and wall tile.

Acrylic Plastics: Used in the plastic “blisters” on
military aircraft, acrylic plastics have gained wide
recognition for their strength and clarity (Figure 1.8).
The acrylics’ outstanding resistance to weathering
makes them useful for glazing applications in build-
ings and outdoor display signs. Molded acrylics are
widely used in automobiles, as well as in radio and
television parts. Acrylic plastics are commercially
available in cast and extruded sheets and in powders
for injection for compression molding, or for ex-
trusion.

Vinyl Chloride Plastics: Used in very large quan-
tities, these plastics are based on vinyl chloride alone
or on vinyl chloride copolymerized with vinyl acetate.
Rigid sheets and pipes of unplasticized polyvinyl
chloride are now being used quite widely in this
country for structural purposes. In Europe, however,
vinyls have been used for these applications for many
years. Plasticized vinyl chloride sheeting is widely
used in upholstery, in luggage, and in rainwear.
Phonograph records and floor tile are other impor-
tant applications, although they require special for-
mulations of plasticizers as fillers. The “mothballing”
films used to protect inactive military equipment are
produced by spraying water dispersions of vinyl
chloride.

FIG. 1.8: Ceiling light fixture with acrylic resin
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FIG. 1.9: An elevator gib made of molded nylon

FIG. 1.10: Nylon garage door rollers and bearings
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Crystalline Thermoplastics: Several commercially
important thermoplastics are based on resins made
up of molecules which become bound to each other
through crystallization. Segments of the long poly-
mer molecules become connected with segments of
other polymer molecules in these crystallites. One
molecule may participate in several crystallites. These
structures melt when the plastics are heated to fabrica-
tion temperatures and the molecules can move freely.
On cooling, crystallites reform and restrain molecular
motion, much as the chemical cross-links do in ther-
mosetting plastics.

As a class, the crystalline thermoplastics are strong
and tough. Some can be used at very high tempera-
tures and some have excellent chemical resistance.
Since the crystallites scatter light, crystalline thermo-
plastics are transparent only in very thin sections.
In thicker sections they are translucent.

Polyethylene: Polyethylene is a tough, crystalline
thermoplastic resin which can be fabricated by all the
usual techniques. Unsupported films are now widely
used in the packaging field. Wire covering and ex-
truded pipe, ‘“squeeze” bottles, industrial containers,
tanks and tank liners are among the important uses
of polyethylene.

Recent publications have noted that some physical
properties of certain thermoplastics are markedly
affected by radiation from an atomic pile or from an
electron accelerator. The physical properties of most
thermoplastics are affected adversely by exposure to
high energy radiation. A few thermoplastics, how-
ever, show desirable changes in certain physical prop-
erties after exposure to specific levels of radiation.

Considerable interest has been expressed in the
changes in polyethylene resulting from exposure to
high energy radiation. It holds its shape better under
extremely low leads at elevated temperatures. It also
is much more resistant to environmental stress crack-
ing. When exposed to higher radiation levels, the
stiffness begins to increase significantly, but the ten-
sile strength and elongation decrease very rapidly,
leading to brittle. fragile products.



FIG. I.11: Sliding door hardware of molded nylon

Under high energy radiation, polyethylene mole-
cules become joined together, or cross-linked. You
will recall that in thermosetting compounds the large
molecules are tied together as a result of a chemical
reaction during fabrication. Polyethylene is normally
a thermoplastic, but the free radicals formed under
radiation cause bonds to form between the molecules.
These reduce the freedom of motion of molecular
segments.

Polytetrafluoroethylene: Polytetrafluoroethylene, a
very high-melting thermoplastic resin, resists prac-
tically every chemical reagent, and is completely un-
affected by weather. It also has outstanding elec-
trical properties. Special techniques are required to
mold or extrude this material, however. This plastic
is available in sheets, rods, and tubes, as molding
powder and in sheets reinforced with glass fiber.
Typical applications are wire covering, tubing, and
gaskets for use under extreme temperature, or in
corrosive atmosphere.

Polyvinylidene Chloride: Polyvinylidene chloride
is outstanding for its chemical resistance, low-mois-
ture permeability, and weather resistance. It is par-
ticularly well known as a packaging film, as a fiber
for outdoor furniture and automobile seat covers,
and as window screen.

Polyamides: Nylon is an unusually tough, rigid,
and heat-resistant polyamide plastic. Mechanical
parts of molded nylon are becoming widely used in
building construction, particularly as door and drawer
rollers and as hinge and motor bearings.

Figures 1.9 through 1.12 illustrate some typical
uses of these crystalline thermoplastics.

Plastic Foams and Films: Plastic foams are formed
when gaseous blowing agents are released within
viscous, molten plastic. These foams usually are very
rigid if a rigid resin is used and very soft if a highly
plasticized resin is used. They are used as thermal

FIG. 1.12: Bearings in door hinge are molded nylon

insulation and as the core material of light-weight
structural members and panels.

One plastic serves the building industry solely as
a film. It is polyvinyl butyral, the interlayer in safety
glass discussed earlier. Fifteen thousandths of an
inch of this tough transparent plastic reduces the
frightfulness of automobile accidents. Polyvinyl buty-
ral is now being used in other forms of glazing,
particularly in laboratory hoods.

CLASSIFICATION OF PLASTICS
BY SIGNIFICANT USES IN BUILDING

PipiNG AND VALVEs FOR CORROSION RESISTANCE—
polyvinyl chloride, polyethylene, cellulose acetate
butyrate, polyvinylidene chloride, styrene copolymers,
polytetrafluoroethylene,

Surraces FoR COUNTER Tops—melamine-formal-
dehyde.

FLooR TiLE—polyvinyl chloride and its copolymers.

WaLL TiLE AND TRANSPARENT BRICKs—polystyrene.

GrazING AND LIGHTING FiIXTUREs—acrylics, poly-
styrene, cellulose acetate butyrate.

GRILLES, Rabpio anp TV CABINETS, FURNITURE—
phenol-formaldehyde, urea-formaldehyde, polyester
laminates.

REFRIGERATOR PaARTs, Door LINERs, EtTc.—poly-
styrene and copolymers, polyester laminates.

TrANSLUCENT RooFING AND CURTAIN WaLLs—poly-
ester laminates.

Winpow SREENS, WEBBING FOR LAWN FURNITURE—
polyvinylidene chloride.

RoLLERS, BEARINGS FOR DooRs AND DRAWERs,
ELEVATION GILEs—polyamides.

WiRe INsuLATION—polyvinyl chloride, polyethylene.

FLAsHING AND ExpansioN JoiNTs—polyvinyl chlo-
ride.

EXTRUDED MOLDINGS, ARCHITECTURAL TRIM—poly-
vinyl chloride.



SUMMARY

In this discussion of plastics used in building, it
is recognized that the characteristic mechanical prop-
erties of plastics are due to the long, thread-like mole-
cules which are linked, coiled, and entangled. De-
formation of plastics under load occurs when seg-
ments of these molecules move under applied stresses.
When the stress is removed, these displaced segments
tend to return to their original position.

Plastics exhibit a wide range of mechanical proper-
ties. The properties of plastics are modified pro-
foundly by fillers which stiffen and reinforce and by
plasticizers which can make a hard and rigid polymer
soft and extensible.

In thermosetting resins molecules become cross-
linked during fabrication. This cross-linking con-
tributes desirable rigidity and insolubility but limits
fabrication techniques. The entire plastic mass must
be heated and formed within a short time.
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Thermoplastics are classified into three groups of
materials: cellulosics, other non-crystalline thermo-
plastics, and crystalline thermoplastics. Non-crystal-
line thermoplastics provide a tremendous range of
physical properties. Molecular structures can be
varied; copolymers and blends with other polymers
can be made; fillers and plasticizers can be added.
In the crystalline thermoplastics, the molecules are
tied together by crystallites. These crystallites re-
strain the motion of molecular segments and thus
improve rigidity and stability of the plastics.

This text has been limited to those plastics which
have now reached considerable commercial impor-
tance. New materials, new fabrication, and new ap-
plication techniques doubtless will result from the
vigorous research and development efforts now in
progress. However, it is not necessary to wait for
these new developments. The present commercial
plastics offer noteworthy combinations of strength,
color, shape, durability and cost.



PHYSICAL AND ENGINEERING PROPERTIES OF PLASTICS

By Albert G. H. Dietz*
Massachusetts Institute of Technology

R. E. B. COOPER has outlined the principal

classes of plastics and has indicated their gen-
eral physical properties as determined by their chemi-
cal structure. In this text, I will attempt to describe
those physical and engineering properties of plas-
tics which make them interesting for building. These
same properties may, however, limit their usefulness.
Principal trends will be indicated in building design
and construction. From these trends, coupled with
the properties of plastics, some conclusions can be
drawn as to possible applications.

Plastics are already used in building in consider-
able quantities. The fact that this conference has
been assembled indicates the lively interest of plas-
tics manufacturers, engineers, builders, and architects
in the construction potentialities of plastics.

One of the oldest uses of plastics in building is
an adhesive. Plastics provide the completely water-
proof glues for plywood and other waterproof glued
construction. Plastics also have made possible better
varnishes and lacquers, improved drying oils, and
other finishes widely used today in buildings. Plas-
tics combined with wood, paper, and fabrics provide
building with superior qualities. Large quantities of
plastics are used in flooring. Upholstery and wall
coverings are made of tough sheets, coated fabrics,
and woven plastics. Transparent and translucent plas-
tics are used in schoolhouse windows and street
lights where breakage and maintenance costs are high.
They are used for skylights and illumination devices
where their ready formability makes them especially
adaptable. All of these applications came about be-

*Albert G. H. Dietz is Professor of Building Engineering
and Construction, Massachusetts Institute of Technology, Cam-
bridge, Massachusetts. He was born in Lorain, Ohio, in 1908
and was graduated from Miami (Ohio) University in 1930
(A.B.), and received his S.B. in 1932 and Sc.D. in 1941, both
from Massachusetts Institute of Technology. He has been
associated with M.I.T. since graduation except for leaves of
absence to be senior consulting engineer for the Forest Prod-
ucts Research Laboratory and field service consultant to the
Office of Field Service of the Office of Scientific Research and
Development. He is the author, or assisted in the writing, of
more than 50 technical articles and papers and six technical
books. Many deal w'th timber, wood and plastics. He is a
member of the American Society of Civil Engineers, American
Society of Mechanical Engineers, American Society for Test-
ing Materials, The Society of the Plastics Industry, Inc., Soci-
ety of Plastics Engineers, Boston Society of Civil Engineers,
Forest Products Research Society and numerous other profes-
sional, honorary and social organizations.

cause of certain physical properties and combina-
tions of properties to be found in plastics.

PHYSICAL PROPERTIES

Dr. Cooper described the structure of plastics as
a jumbled mass of long molecules, sometimes inter-
connected, sometimes semi-ordered or semi-crystalline.
He also pointed out that the physical properties are
a reflection of this structure. The range of properties
of plastics, including laminates, within their own
limits is as great as the range of metals, and is much
greater than that of either concrete or timber. This is
brought out in Figure 1.13 in which the ranges of
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FIG. 1.14: Effect of Temperature Chart

tensile strengths of the principal classes of plastics,
and of plastics-based laminates and reinforced plas-
tics, are compared with iron and steel alloys, alumi-
num alloys, copper alloys, wood, and concrete. De-
pending upon the formulations and reinforcing mate-
rials employed, plastics may be extremely weak or
extremely strong, with a range approximately 200
to one.

Elastic and Plastic Behavior: To some degree, plas-
tics behave in an elastic manner; their deformation
under load is directly proportional to the load. When
the load is removed the deformation disappears. In
engineering design, such materials as steel, concrete,
and timber are assumed to behave elastically. As long
as stresses are kept within limits, steel certainly be-
haves elastically and concrete and timber do to a
large extent. Some plastics, especially the thermo-
setting types, also are essentially elastic within ap-
propriate stress limits. Deformation is proportional
to the load applied and disappears quickly when the
load is released.

Plastic behavior, in contrast to elastic, involves
flow or creep of the materials under load, so deforma-
tion depends not only on the load, but also on the
rate at which it is applied and on its duration. When
the load is removed the material may eventually re-
cover all or part of the deformation. Especially un-
der high stress, it is likely to increase with time.
The same is true of metals at high stresses and at
elevated temperatures.

Many plastics, especially the thermoplastics, exhibit
time-dependent plastic behavior. The effect is greater
at elevated temperatures and may be quite marked
at temperatures found in buildings, such as hot-water
lines, and roofs and walls exposed to the sun. These
materials become stiffer and stronger as the tempera-
ture drops. Eventually most of them become brittle,
some at temperatures in the vicinity of 0° F, others
at much lower temperatures. Their strength, and the
amount of deformation before failure occurs, also
depend on the rate at which they are loaded. If
loaded quickly they carry higher loads, but stretch

12

STRAIN

===
%
4
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or otherwise deform less before failure, than when
loaded slowly. The effects of temperature and rate on
the load-deformation behavior of such materials are
shown in the stress-strain curves of Figure 1.14.

Materials which exhibit plastic behavior are sub-
ject to creep. When loads are imposed these mate-
rials tend to continue to deform as time passes. The
degree of creep depends on the range of stresses and
temperatures encountered. If stresses are low enough
and temperatures are moderate, creep is small and
may be of no particular importance. This is brought
out in the lowest curve of Figure 1.15 which shows
a typical low-stress creep curve at moderate tempera-
tures in which creep eventually dies off to zero. This
curve shows also that if the load is removed the mate-
rial eventually returns to its original undeformed
condition. The second curve shows a condition of
higher stress in which creep continues to increase
slowly with time. If continued long enough this may
lead to failure. If unloaded. most of the deformation
is recovered, but some residual deformation remains.
As stresses or temperatures increase, creep also in-
creases and may lead to rapid distortion and failure,
as shown in the upper curve of Figure 1.15. Plastic
pipe. for example, which might be entirely satisfactory
for cold water at normal pressures could well be com-
pletely unsatisfactory as a hot-water line.

Engineers, builders, and architects are familiar
with the fact that the strengths of materials are de-
pendent upon temperatures, stress, and duration of
load. For many construction materials these factors
are of relatively minor significance, however. In the
case of many plastics, particularly thermoplastics,
these relationships are of major significance and must
be taken into account, otherwise, failures may occur.
Appropriate stress levels and factors of safety must
be employed, therefore. For materials exhibiting no
sharply defined yield points or elastic limits, the work-
ing stresses are more dependent upon the degree of
creep which can be tolerated.

Fillers and Plasticizers: Plastics are modified great-
ly in their properties by the judicious addition of



fillers and plasticizers. Fillers are used primarily
with thermosetting materials and plasticizers pri-
marily with certain thermoplastics. For example, a
pure thermosetting material like phenolic resin is hard
to mold, is fairly costly, and is quite brittle. If wood
flour is added, it is much more moldable, it is cheaper,
it shrinks less in the mold, and it gives a better prod-
uct. So for general-purpose moldings, material like
phenolics are loaded with wood flour. On the other
hand, if high electrical properties are required, it is
customary to add mica. For high heat resistance as-
bestos fiber is added. Chopped fabric or chopped
tire cord markedly increases the toughness and the
strength. White, pure, alpha cellulose is added to
the light-colored thermosets, such as dishes made of
molded melamine. Clay and other inorganic fillers
may be added to reduce cost, increase temperature
and flame resistance, and to provide better stability
and lessened shrinkage. The same basic resin, there-
fore, may be given a wide range of properties depend-
ing upon the type of filler that is added. In Figure 1
the ranges of strength properties shown for the pheno-
lics, urea, and melamine resins are the result of add-
ing different fillers in varying quantities.

Plasticizers are commonly used with certain ther-
moplastics, which are too brittle and too hard to be
molded at temperatures below their decomposition
temperatures. Others, although moldable, may be too
hard and brittle for their intended uses. Plasticizers
make them more flexible at ordinary temperatures.
They have much the same effect at ordinary tempera-
tures as heat has in increasing plasticity, flexibility,
and, frequently, toughness. Strength is generally de-
creased at the same time. So by varying the plas-
ticizer content, the same plastic can be varied from
hard, rigid, and brittle to soft, distensible, and tough.
The cellulosics and polyvinyl chloride are particularly
good examples of the use of plasticizers to provide a
wide range of hardness, strength, and flexibility.

Orientation: When certain plastics are drawn into
fine filaments, their strength rises considerably. This
property is utilized in the manufacture of textile mate-
rials. Although textiles are beyond the scope of this
conference, it is interesting to see in Figure 1 how
the vinyls and nylon, for example, are increased in
tensile strength when drawn into filaments. Many of
the other high-strength textile materials are obtained
in a similar manner.

Copolymers: Several basic plastic types may be
built into the same molecular chain. A wide range
of properties may be obtained, depending on the types
and proportions of basic plastics employed. Many
such combinations, called “copolymers,” exist. The
range of properties for styrene and the acrylics stems
largely from copolymerization. The cellulosics and
vinyls similarly can be copolymerized in addition to
being plasticized.

Stiffness: Compared with traditional structural
materials, the stiffness of plastics as measured by

modulus of elasticity is generally low. As shown in
Figure 1.16, the thermosetting materials, such as
phenolics, urea, and melamine, are in the same gen-
eral range as wood and concrete. The rest of the
plastics, other than the laminates and reinforced plas-
tics, rank lower than all the traditional structural
materials. All of the plastics rank well below all of
the metallic alloys. Magnesium, not shown because
it is not customarily found in buildings, ranks slightly
higher than the upper limits of the plastics.

The modulus of elasticity of plastics requires some
explanation. For most construction materials, the
modulus of elasticity is defined as the ratio of stress
to strain at some specified portion or point of the
stress-to-strain curve, as determined by a standard
test. Variations from this value are not great under
ordinary conditions. The same holds true of those
plastics which exhibit little or no creep. If creep oc-
curs, however, strain is no longer directly propor-
tional to stress; the plastics part sags or otherwise
distorts under load with time. The stiffness, or mod-
ulus of elasticity, in effect decreases. The modulus
of elasticity, therefore, varies with time and per-
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haps ought to be called modulus of plasticity. By
taking this into account and by using correspondingly
reduced moduli, plastics parts can be designed for
long-time loading and long-time allowable deflections.

LAMINATES AND REINFORCED PLASTICS

Where large size or high strength are required, the
answer is usually found in laminates and reinforced
plastics. These are materials in which plastics have
been combined with sheet or fibrous materials to
produce a composite which has properties unavailable
in either constituent alone.

The term “laminate” usually refers to a sheet mate-
rial which has been made under high pressure and
high temperature. The term “high-pressure laminate”
is often used to differentiate this class of materials
from reinforced plastics, which were formerly called
“low-pressure laminates.”

Paper, fabric, wood, and other sheet materials are
combined with thermosetting resins, usually phenolic
or melamine or both. The usual procedure is to im-
pregnate the sheet stock, dry, assemble the dried
sheets, and press under temperatures ranging up to
350° F and pressures ranging from 1,000 to 3,000
pounds per square inch. The building industry uses
large quantities of these materials for table tops,
counter fronts, furniture, wall covering, and other
applications where their strength, toughness, resist-
ance to marring, and resistance to water, alcohol, and
other commonly found solvents, make them particu-
larly useful because maintenance costs are low and
refinishing costs are largely eliminated.

Reinforced plastics refer to plastics employing fi-
brous reinforcing agents. These plastics almost al-
ways contain some form of glass fiber combined with
a liquid resin which is converted to a solid by cata-
lysts and hardeners, with or without heat or a mod-
erate degree of pressure. Because the heat and pres-
sure requirements are moderate, it is possible to
make large, compound-curved parts in relatively sim-
ple molds. This is in contrast to the tool steel molds
and heavy presses required for ordinary molding
and for high-pressure laminates.

Familiar examples of reinforced plastics are auto
bodies, boat hulls, the corrugated sheet beginning to
be used in large quantities in buildings, and a large
variety of similar applications. The fibers in rein-
forced plastics are mats or woven fabrics. Many types
of weave, including plain cross weave, satin or crow’s-
foot weaves, and unidirectional weaves, in which
practically all of the filaments are aligned in one di-
rection, are employed in reinforced plastics. The
same fabrics, of course, are used with high-pressure
laminates.

The engineering design of laminates and reinforced
plastics introduces some interesting and complex prob-
lems which are faintly similar to the problems of rein-
forced concrete design. In the design of structures
made of metal or plain concrete. it is assumed that
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FIG. 1.17: Effect of direction of weave upon elastic
constants of reinforced plastics and laminates

the materials are homogeneous and have the same
properties in all directions, i.e., they are “isotropic.”
When plastics are combined with fabrics, especially
unidirectional fabrics, the strength properties are
strongly influenced by the directional properties of
the fabrics. Such familiar constants as modulus of
elasticity and Poisson’s ratio become variables, de-
pending on direction. Strength, of course, is also
greatly influenced by direction. The same plate may
easily vary ten to twenty-fold in these properties, de-
pending on the weave of the fabric. Surprising and
complex interrelationships of stress occur within and
between the layers of the laminate. The engineering
designer must be wary and alert, therefore. Figure
1.17 shows how some of these properties may vary
with respect to the direction of weave.

The extremes of strength properties shown in fig-
ures 1.13 and 1.16 are reflections of these directional
effects. At the low end, the properties are largely those
of the resin alone. At the high end are found rods con-
taining a very high proportion of glass filaments
which are all carefully aligned in one direction.

The variety of reinforcing materials available, and
the freedom with which they may be arranged to meet
the loads imposed, gives the engineering designer
wide latitude in tailoring materials to meet his re-
quirements. Furthermore, engineering and architec-
tural designers have practically unlimited freedom
in selecting shapes and forms to enclose spaces and
in choosing their structural elements in the most ad-
vantageous manner.



SANDWICH CONSTRUCTIONS

In sandwich constructions, two thin, hard, strong
facings are combined with a relatively thick, light-
weight, weak core to provide a combination of light-
ness, strength, and rigidity. The facings provide the
strong elements but because of their thinness would
buckle under bending and compressive stresses. They
must be supported laterally by the core which is stiff
enough to provide this support. The core must also
resist the shear stresses occurring in the sandwich
as it bends. The adhesive bond between facings and
core must resist shear and tensile stresses between
these components.

Many combinations of materials can be employed
in sandwiches. The building industry already uses
sandwiches composed of insulating board cores and
cement-asbestos facings, lightweight concrete cores
with metal facings, and various others. Plastics enter
into this picture by providing structural and decora-
tive facings of high-pressure laminates or of rein-
forced plastics. Cores are made of foamed plastics
or of honeycombs of resin-impregnated paper. The
high-strength engineering adhesives based on plastics
bond all sorts of facings and cores together.

THERMAL CONSIDERATIONS

Thermal Expansion: In building design it is fre-
quently necessary to take into account the thermal
expansion and contraction of materials. This is par-
ticularly true of such items as metal roofs, gutters,
and pipe lines. The large metal window frames in
glass-faced buildings also present a particular prob-
lem. Among traditional materials, aluminum and cop-
per and their alloys have higher coefficients of ex-
pansion than the iron-based alloys. Wood has a low
coefficient parallel to the grain but a quite high coeffi-
cient perpendicular to the grain, especially in dense
woods like yellow pine and birch. Swelling and
shrinking because of moisture changes usually “mask
out” thermal expansion perpendicular to the grain.
Concrete also changes because of both thermal and
hygroscopic effects.

It may come as a surprise to some that thermal co-
efficients of expansion of plastics are high, as shown
in Figure 1.18. There is a widespread notion that
plastics are stable materials thermally, when actually
they expand and contract considerably more than
metals. In the design of plastics parts, especially if
they are to be used in conjunction with other mate-
rials, this feature must be kept in mind. It is not
insurmountable, but it is something to allow for in
design.

Thermal Conductivity: Like most other nonmetallic
materials, the thermal conductivity of plastics is low,
although it varies from plastic to plastic. In Figure
1.19, plastics are compared with wood and concrete
at the left-hand side of the figure and compared with
iron, copper, and aluminum alloys at the right. Few
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FIG. 1.18: Thermal Expansion of Plastics and Vari-
ous Other Materials

of the plastics approach the heat insulating value of
wood perpendicular to the grain, the lowest value of
wood, but all are vastly better insulators than any of
the metals.

DURABILITY

Corrosion: Resistance to corrosion and to attack
by a wide variety of solvents is among the most
attractive features of many plastics. At least one plas-
tic material can be found to resist practically all cor-
rosive conditions encountered in building. The flu-
orinated plastics are particularly outstanding and are
used in the highly corrosive applications in the chem-
ical industry. Polyethylene is highly resistant to at-
tack by a wide variety of corrosive materials at tem-
peratures below its softening point. The silicones are
inert and, like the fluorinated plastics, highly moisture
repellent. Moisture absorption by other plastics varies
from practically zero to moderate. Some plastics are
selectively attacked by classes of solvents, so that the
choice for any given condition should take this select-
ivity into account. For corrosive conditions normally
encountered in buildings, the plastics as a whole are
excellent.
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FIG. 1.19: Thermal Conductivity of Plastics and
Various other Materials

Heat: All plastics can be destroyed by fire. They
may burn easily or they may be self-extinguishing,
depending on the basic resin and the fillers and plas-
ticizers used in compounding them.

Building designers recognize that resistance to fire
is a matter of proper design to a large extent as well
as the proper selection of materials. Buildings con-
structed of incombustible materials have had disas-
trous losses in fires, whereas other buildings of com-
bustible materials have stood up well. Nevertheless, it
must be kept in mind that all plastics can be de-
stroyed by fire and that many of them burn easily
of their own accord once they are ignited.

Maximum temperatures to which plastics should
be exposed have not been easy to establish because
use conditions are extremely variable. Maximum
recommended temperatures for more or less continu-
ous exposure are given in Figure 1.20. The tempera-
tures given for metals and concrete are the tem-
peratures at which strength drops approximately 50
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per cent. The wood temperatures are based more on
charring than on loss of strength because wood does
not become weaker upon heating. Concrete tempera-
tures are uncertain because when concrete is used
as fireproofing for steel, its insulating value rather
than its strength is important. On the other hand,
some lightweight concrete load-bearing structures
easily may lose more than half their strength at fairly
low temperatures.

Among the plastics the silicones and the fluorinated
plastics have outstanding temperature resistance.
Laminates may be highly resistant if the basic plastic
resin is resistent and the reinforcing agent is an inor-
ganic material like glass or asbestos. Other plastics,
especially the thermoplastics, are sensitive to heat,
so the recommended temperatures are based upon
creep and distortion rather than ignition temperatures.
Manufacturers of the cellulosics, because of the range
of basic types and of plasticizer contents, hesitate to
recommend specific maximum temperatures. Thermo-
setting plastics, as is to be expected, are generally
superior in heat resistance than the thermoplastics.



Irradiation of some plastics has been shown to raise
their heat distortion temperature markedly. Poly-
ethylene bottles, for example, which collapse or dis-
tort badly at 150-175°F retain their shape at tem-
peratures between 300 to 400°F after irradiation. A
cross-linking action occurs binding the molecules to-
gether in a structure similar to thermosetting plastics
and thereby raising their resistance to distortion by
heat.

Weathering: Resistance to weathering over a long
period of time is one of the most uncertain factors of
plastics. There is reasonably good certainty that in-
door exposures should have relatively little effect
on most plastics, although outdoor conditions may
affect many of them adversely. Many of the large-
volume plastics in use today were emerging from the
laboratory 10 to 20 years ago and changes in for-
mulations are being made continually. For many plas-
tics, therefore, there is no record of outdoor exposure
extending over long periods.

Transparent plastics, of which the acrylics are the
best example, have been used for aircraft glazing and
other outdoor applications for periods ranging up to
20 years. Their performance is, therefore, relatively
well known and they can be expected to give a good
account of themselves in buildings. The phenolics
also have had a fairly long history of outdoor ex-
posure. Loss of gloss and dulling of colors can be
expected to occur upon weathering, but properly for-
mulated phenolics otherwise have given a good ac-
count of themselves outdoors for periods of 20 years
or more.

Long histories are lacking for most other plastics,
but the chemical nature of the fluorinated plastics
and the silicones indicates that they should have out-
standing long-time weather resistance. High cost
stands in the way of large-scale use of these materials,
however. Certain of the vinyl and vinylidene com-
pounds, especially when formulated with carbon black
and other ultraviolet light-excluding pigments, show
promise on the basis of exposure histories ranging up
to ten years.

The lack of completely reliable accelerated weather-
ing tests, which are difficult to set up because of the
complexities and vagaries of actual weather, is a
serious obstacle to the adoption of promising new
plastics as they appear. In building, the customary
units of time are 20 to 50 years, although it may be
argued that practically all buildings are absolete be-
fore that time. Building designers hesitate to use mate-
rials which have not proven themselves in actual use.
This attitude, while perhaps a deterrent to rapid prog-
ress, is understandable and plastics manufacturers
must recognize that it exists.

BUILDING TRENDS

Several major trends in building design and con-
struction are bound to have a decided influence upon
the potential nses of plastics in building.

FIG. 1.21: Aluminum Exterior Wall Panel

Perhaps the most important is the trend toward
shop-fabricated units which are assembled quickly in
the field to reduce expensive field time and field la-
bor. Large shop-fabricated building panels—particu-
larly for walls, but also for floors and roofs—are be-
coming common not only in dwelling houses but also
in industrial and commercial buildings.

The “stressed-skin” principle is already in use,
especially in housing. The application of load-carry-
ing sandwiches also is beginning to grow in this field
after the pioneering efforts of the aircraft engineers.
A major problem, still calling for a completely satis-
factory solution, is the caulking and sealing of joints
between these panels. The highly durable, though ex-
pensive, plastics might help to solve this problem.

Built-in features of all kinds are being shop-fabri-
cated to a greater and greater extent to reduce field
labor and erection time. Portability, including mini-
mum weight and resistance to damage in transit, be-
comes important. Plastics’ lightness and flexibility
of design, coupled with good strength and impact
resistance, can make them attractive for all of these
applications.

Figure 1.21 shows an aluminum exterior wall panel
being put into position on a multi-story office building.
In this particular instance, the panel was backed with
cast-in-place, light insulating material and then was
plastered on the inside. A sandwich with built-in in-
sulation, finished on the inside with a material like
decorative laminate, should be feasible here. The
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FIG. 1.22: Thin Shell Concrete Dome

sealing of the joint becomes a major item, as indi-
cated previously.

A second major trend is toward large clear spans
which avoid internal supports. This provides freedom
for industrial operations and allows for easy rear-
rangement of office space. Even in dwellings there is
a trend toward roof constrction spanning from out-
side wall to outside wall to eliminate bearing partitions
and to allow for free arrangement of space. Conse-
quently, flat slabs, cantilever construction, and long
spans are becoming common in buildings. There is
also a trend toward the highly efficient structural
shapes such as shells, domes, arches and vaults for the
spanning of exceptionally large spaces. Space frames
also are efficient for the enclosing of large spaces.

It is entirely possible for plastics, although they
may not be used for the primary load-bearing mem-
bers such as arches, to be fitted into the structure
in the form of secondary load and light-transmitting
units. The readiness with which many plastics can
be formed into complex shapes recommends them for
these purposes over other materials not formed so
readily.

The ready formability of materials like reinforced
plastics recommends them for the making of complex
grid and cell forms for reinforced concrete construc-
tion. Such forms have already been used for pre-
cast concrete slabs, and this use could be extended
easily, particularly where complex shapes are required
and where the forms are reused many times. A major
problem exists, for example, in the forming of large-
span, thin concrete domes. A strong deterrent to the
greater use of these efficient structural shapes is the
cost of forming. It is conceivable that segmented
forms could be built which would rotate about a cen-
tral axis as the dome is cast, thereby reducing the
amount of forming material required. Possibly plas-
tics could provide the tough curved surfaces of such
forms,

Figure 1.22 brings out difficulties in forming thin-
shell concrete domes. The falsework ribbing and
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FIG. 1.23: Ribbed Floor Concrete Construction

sheathing required for the forms of a dome such as
this can easily constitute half the total cost of the
dome. All of this must be erected and then taken
down, much of it as scrap.

Figures 1.23 and 1.24 illustrate some of the pos-
sibilities in reinforced concrete grid construction.
These Italian examples by Pier Luidi Nervi show
imaginative engineering in the arrangement of ribs
and cells for the most efficient handling of stresses
in slabs and vaulted roofs. The cost of forming by
usual methods would be considered prohibitive in
the United States. Here, again, reinforced plastics

FIG. 1.24: Ribbed Concrete Domed Ceiling



FIG. 1.25: Glass and Metal Exterior Skin

or similar materials might be useful, provided there
were enough reuses of the forms. Experience has
shown that such forms can be reused a large number
of times.

A third major trend, coupled with open plans and
minimum interior obstructions, is the greatly in-
creased use of transparent and translucent walls.
These walls admit maximum sunlight and provide a
feeling of spaciousness. Transparent and translucent
panels, particularly if they combine light transmission
and structural qualities, are highly desirable for such
buildings. -

Sandwich panels having a combination of struc-
tural attributes and light transmission are being de-
veloped for these purposes. Such panels carry at
least part of the superimposed floor and roof loads
and are sufficiently strong to withstand wind pres-
sures. In this connection the ready formability of
plastics allows for the development of structurally
efficient shapes providing light-transmittance. At the
same time, plastic panels are able to provide the
necessary shading to prevent undue overheating of
interiors by bright sunlight. The solar load can be-
come a major problem in buildings with light-trans-
mitting walls. Outward heat loss is another problem
for which double-walled units could help to provide
a solution. .

Figure 1.25 shows a recently-built glass-walled
building, which is typical of the trend toward open
walls. Heat-absorbing glass, blinds, and various other
devices are used to lessen the solar heat load when

FIG. 1.26: Reinforced plastic radar enclosure

walls are exposed to the direct sun. Nevertheless, the
load imposed can become severe. The readiness with
which transparent and translucent plastics can be
formed suggests that by properly shaping the units
in an exterior wall much of the load could be reduced
by high-angle reflection and shading.

A fourth major trend is the increasing importance
of mechanical and electrical equipment for air condi-
tioning, illumination, power, and multiplicity of serv-
ices required in a modern building. This is coupled
with the necessity for flexibility to match the flexible
planning associated with large open areas. When
space is rearranged, the mechanical and electrical
services also must be rearranged. Flexible piping,
conduit, cable, and ducts are required. Continuous
electrical outlets are desirable. Luminous ceilings are
often called for.

The open planning and lightness of construction in-
volved pose problems of thermal insulation and par-
ticularly of acoustical control, which must often be
combined with over-all illumination in ceilings. Plas-
tics can make a decided contribution to all of these
problems if they are used with imagination and un-
derstanding of their possibilities and limitations.

Radar Enclosure: A large radar enclosure recently
built of reinforced plastic (Figure 1.26) illustrates an
application in which the formability and properties
of this material were used to meet the requirements of
the problem. The rotating motion and the general
shape of the radar equipment made a dome-shaped
enclosure the logical choice. This shape is efficient
structurally and aerodynamically, considering the
fact that it must withstand winds from any direction.
Its exposed position atop a building in a large open
area makes wind loading the most important struc-
tural consideration. Electrical requirements ruled
out any metal in the enclosure.

19



From an analysis of wind loading based on the
best available wind-tunnel data, it became apparent
that reinforced plastics could easily withstand the
imposed stresses. The surface was divided into tri-
angular segments to approximate the shape of a
sphere. Molded reinforced plastic units, each incor-
porating several triangular segments, were fabricated.
At the edges of the units downstanding stiffening lips
were formed and reinforcing ribs were formed along
the lines of the basic triangles. Glass fiber mat was
employed for the surfaces, and additional strength
was achieved at the lips and ridges with woven glass
fabric strips molded into these thickened sections.

As the illustrations show, the units were field as-
sembled without great difficulty. A high degree of
transluscence is achieved together with structural
strength. Here, therefore, is a combination of en-
closure, structure, and light transmission in which
plastics played the essential role. Incidentally, the
dome withstood the August 31, 1954 hurricane with-
out damage.
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SUMMARY

This discussion has attempted to set forth the ranges
of strength, stiffness, thermal properties, corrosion
resistance, and durability of plastics in comparison
with familiar metals, wood, and concrete used in
building. It has touched briefly upon the engineering
aspects of laminates, reinforced plastics, and sand-
wiches. It also has attempted to show the major
trends accurring in building design and to indicate
how plastics fit into these trends. Many of these
items, briefly mentioned, will be amplified in other
discussions.

One conclusion should be clear. Plastics possess
their own combination of advantages and limitations
which set them off from other materials. Attempts
to use them like other materials are likely to produce
unhappy results. Properly and imaginatively used,
with an intelligent understanding of their properties,
plastics can contribute significantly to the advance
of building technology and design.



EVALUATING PLASTICS FOR BUILDING APPLICATIONS

By Tyler S. Rogers*
Owens-Corning Fiberglas Corporation

HE use of plastics in building, as in any other

field, is stimulated by certain of their properties
and limited by others. Which properties are desirable
and which are limiting varies with the use for which
the product is intended. This evaluation of plastics
for building applications is an attempt to appraise the
relative significance of the broadly positive or nega-
tive factors without getting into the detail that will
necessarily fall within the scope of other speakers
dealing with specific forms and applications of plas-
tics. :

Professor Albert G. H. Dietz has summarized the
physical and engineering properties of plastics and
has interpreted them in relation to current building
trends. Dr. E. B. Cooper has told us about the resins
used to form plastics. Two other factors must be
taken into account before we can properly evaluate
plastics for building uses.

One of these is the molding and fabrication of
plastics, because the processes employed have a bear-
ing on sizes, properties, and costs. The other is the
economic relationships of plastics to similar prod-
ucts made of other materials. These two factors are
quite closely related.

MOLDING METHODS

An experienced plastics fabricator recently said:
“It is easy to make plastic products but very difficult
to make good ones.”

The final product is influenced by all manner of
variables, including the fillers used, the temperatures
and pressures employed in molding operations, work-
manship, and even the prevailing humidity. Skill
and experience enable good fabricators to produce
good plastic parts. The industry has suffered, how-
ever, from the inferior products which result from
poor fabrication.

*Tyler Stewart Rogers is Technical Consultant for the
Owens-Corning Fiberglas Corporation, Toledo, Ohio. He is a
graduate of the University of Massachusetts and of Harvard
University Graduate School of Design. He is vice president,
treasurer, and a director of Taylor, Rogers and Bliss, Inc. He
is a director of Wells and Rogers. He has been managing
editor and technical editor of AMERICAN ARCHITECT AND ARCHI-
TECTURE and is the author of two books: PLAN Your House
10 Surt YourseLF and DEsIGN oF INsULATED BuILDINGS FOR
Various CLiMATES. He is a member of the American Society
of Refrigerating Engineers; a member and past president of
the Producers’ Council, Inc., and a past member of the Build-
ing Research Advisory Board.

Molding methods influence the use of plastics in
buildings because they affect properties, sizes, and
costs. The various types are more easily illustrated
than described, hence the accompanying figures will
indicate the various methods available to the fabri-
cator,

Representative methods of forming plastic parts
are shown in the accompanying diagrams (Figures
1.27 to 1.40) taken from the book, “Fiberglas Rein-
forced Plastics,” by Ralph H. Sonneborn.

The choice of fabricating method obviously is
governed by the size and complexity of the part, the
number of parts required, the quality of surface
finish and the type of resin employed.

RELATIVE COSTS

Costs are extremely important in any discussion of
plastics in building. In some types of product, the
use of plastics has become widespread for the simple
reason that no other material or fabricating method
will produce the unit at such low cost. In many other
cases, especially in the realm of reinforced plastics,
the economic advantage, if any, depends on a num-
ber of related factors.

Generally, molding resins cost from 10 cents to 50
cents per pound, with some special resins costing
even more. Steel may cost from 6 to 10 cents per
pound. with special grades in higher brackets. If
steel can be formed by stamping, the cost is concen-
trated on the forming dies and huge presses. Once

—Roving cutter
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FIG. 1.27: Plenum chamber preform process
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FIG. 1.28: Directed Fiber preform process
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FIG. 1.30: Contact molding process

these are available, the parts can be stamped out very
rapidly.

A plastic part also requires dies or molds of some
sort, as we have seen. It may require a press or it
may not, depending upon forming method and resin.
But all resins require some time to cure, ranging
from slightly less than a minute up to several hours.
This time factor adds to costs because it ties up
equipment as well as manpower and limits the rate
of output of the facilities.
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FIG. 1.33: Matched die molding process.

These relations are shown by Sonneborn! in Fig-
ure 140 comparing two plastics molding processes
with steel stamping. For a very few parts—perhaps
from one to 10 or 20—vacuum bag molding is least
expensive. For a larger number of complex parts
(up to about 15,000 in the example chosen) matched
die molding will produce parts at less cost than steel
stamping. But note that the cost curves for plastics
do not drop down appreciably as the quantity of
parts increases, whereas with steel stampings the curve
continues to drop until a very low unit cost is reached.

*Fiberglass Reinforced Plastics Ralph H. Sonneborn, Rein-
hold Publishing Corporation, 1954,
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FIG. 1.35: Extrusion or die drawing process.
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FG. 1.37: Compression molding process.

This means that building applications calling for
large quantities of indentical parts will not be made
of plastics instead of metals, unless other considera-
tions than speed and ease of forming give the plastics
part an advantage. In the case of glass-reinforced
plastics, the final price per pound for most products
is close to $1, whereas the price per pound of finished
steel products may not exceed 25 cents. Therefore
we should not look for nails, screws, brackets, builders
hardware and similar items used by the millions to
be made of plastics, even if the necessary physical
properties were present.
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FIG. 1.40: How costs are affected by production
method and quantity produced.

EVALUATION

Now looking back over the subject, considering
the chemistry of the resins, the physical and engineer-
ing properties of plastics, the molding and fabrication
methods, and economic or cost factors we can see
where plastics appear to fit into buildings.

Among the factors favoring such uses are un-
doubtly these:

Formability—The ability to produce complex
shapes.

Colorability—The ability to offer mtegrally molded,
substantially permanent colors.

Durability—The comparatively stable and perma-
nent character of plastics.

Chemical Resistance—The ability to select resins
that are immune to attack by most chemicals.
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Low Thermal Transmittance—A very significant
factor which should be emphasized. Professor Dietz
showed that where wood has a heat transmittance of
1, masonry 10 to 12, steel 310, and aluminum over
1475, the range of non-reinforced plastics is from 1
to 5 and of glass-reinforced plastics, about 1 to 2.5.
This very favorable resistance to the transmission
of heat is unique among high-strength materials. It
suggests that plastics can be used to advantage in low
temperature structures, such as walk-in coolers or
commercial freezers, where nonconductive structural
supports and strong insulating doors are required.

Electrical Characteristics—Leading to many appli-
cations in wire, cable, motors, and other electrical
apparatus.

Clarity—The property of controllable light trans-
mission, from transparency through translucency to
opacity.

Physical Strength—The ability, through the use of
glass fiber reinforcement to develop products of higher
strength-weight ratio than is attained by any other
combination of materials.

Among the properties that are limiting, Professor
Dietz noted these:

Elastic Behavior, or Creep—Requiring considera-
tion in design of products used under stress.
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Stiffness—Generally low compared to traditional
structural materials.

Thermal Expansion—Comparatively high, and usu-
ally in excess of metals. Must be considered in de-
sign.

Heat Tolerance—Since all plastics can be destroyed
by fire their use, like that of wood and thin metals,
must be carefully considered where failure due to
fire can be hazardous.

W eathering—Mostly due to lack of data and reliable
knowledge of behavior of different plastics.

Molding methods are limiting as to size and cost
where large elements are required in reinforced plas-
tics. The manufacture of small non-reinforced plastic
parts may be less costly than with any other mate-
rial when complex shapes, color, electrical or chem-
ical resistance, or other properties are involved.

In summary, it appears obvious that plastics have
many practical and economic uses in buildings where
their unusual combination of properties fits specific
job requirements. It is equally clear that each resin,
each type of plastic part, and each method of fabrica-
tion imposes certain limitations that must be under-
stood by the designer and specifier if he expects to
take full advantage of their properties without pay-
ing a premium for novelty instead of utility.



GENERAL DISCUSSION

MR. HUNTZICKER: Each of the three gentlemen
who have addressed you will return to the platform
for the panel discussion. The moderator will be Mr.
Charles J. Romieux, sales manager of the plastics
and resins division of the American Cyanamid Com-
pany, New York. He is a native of Minnesota and was
graduated from Harvard University in 1920. He has
been associated with the plastics industry in many
capacities since and he is eminently qualified to
moderate this panel discussion. Mr. Romieux.

MR. ROMIEUX: In addressing your questions
kindly rise, state your name, affiliation, and the
speaker to whom you are addressing your question.
Also bear in mind that the questions should be perti-
nent to the three papers that have just been delivered.
The meeting is now open for discussion. May I have
some questions from the floor?

MR. H. A. COOK (Dow Chemical Company): I
would like to ask Mr. Rogers whether his slurry pre-
forming is a licensed procedure?

MR. ROGERS: 1 cannot answer that precisely,
but I think it is. I am not sure.

MR. PHILLIP H. DEWEY (Interchemical Corpo-
ration) : To Dr. Dietz. Do you have any figures, or
do you know where there are any figures, on fatigue
of plastic materials? I understand polyesters particu-
larly are subject to fatigue.

DR. DIETZ: 1 do not have such figures from our
laboratory, since we have not gone into fatigue work.
Some fatigue values have been published from time
to time in publications of the American Society for
Testing Materials and especially of the American
Society of Mechanical Engineers. 1 would suggest
that you refer to the publications of ASME and of
the ASTM and other publications on the subject of
modern plastics as the best place to go for informa-
tion of this type. I think you will just have to go
through the literature and find it. I do not know of
any place where this has all been compiled. I think
you will find it is incomplete.

MR. JOHN S. PARKINSON (Johns-Manville) : 1
would like to ask Mr. Rogers whether he has any
information on the behavior of plastics to outdoor
exposure. 1 believe he mentioned there was some,
although not very much.

MR. ROGERS: Mr. Moderator, I have a feeling
that this subject will be developed as we have other
discussions and other speeches during the two-day
session. We have a panel or discussion on corrugated
plastics that are used for roofs, porches, awnings and
things like that, and I assume the speakers will be
more specific.

MR. ROMIEUX: That question probably will be
answered during the subsequent sessions. On the
other hand, Mr. Cooper, you said you would touch
on the matter very briefly for building applications.
Perhaps you would say a few words on the subject.

MR. COOPER: There certainly is a great range in
the ability of various plastics to endure outdoor ex-
posure. This is a subject on which I would be glad
to talk for an extended period, but I think it would be
better to let the subject develop through the confer-
ence, as Mr. Rogers suggests.

MR. ROMIEUX: May I add a comment? In plas-
tics we are dealing with relatively new materials.
We are comparing them with construction materials
that have been used since prehistoric times and with
which we have had experience for many, many years.

MR. GORDON BROWN (Bakelite Company): I
would like to ask Professor Dietz what is the highest
temperature resistance obtained so far by irradiation
of polyethylene.

DR. DIETZ: 1 will tell you what I know about
this subject and then I will refer it to Dr. Cooper. I
understand polyethylene has been raised in heat dis-
tortion plants from 150°F to about 350°F by irradi-
ation. Dr. Cooper, what do you think?

DR. COOPER: Well, the effects of the irradiation
in polyethylene are to create free radicals which
cause cross-linkings. This brings about an increase
in stiffness and adds somewhat to the tensile strength,
but reduces elongation at the same time. So I am
sure the questioner will understand that when one
asks: “What is the highest temperature which can
be achieved?” the question would need to be qual-
ified with reference to a particular application. One
can carry cross-linking in polyethylene to a point
where the plastic is completely insoluble and infusi-
ble, but these physical properties may be made com-
pletely useless. I think the field is new enough so
that the answers to this question would need to be
dealt with in connection with a particular applica-
tion. I am fearful that a general answer cannot be
made; at least, I cannot make it.

MR. ROMIEUX: Thank you, Dr. Cooper. Any
further questions?

MR. J. M. BALL (Midwest Rubber Reclaiming
Company) : Dr. Cooper, what is the commercial sig-
nificance of the crystalline structure of polyethylene,
nylon, and other plastics?

DR. COOPER: The crystalline structure in thermo-
plastics meets the requirements for stiffness and
rigidity at ordinary temperatures. But since the crys-
tallites melt at fabrication temperatures, they also
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have low-melt viscosity. It is possible, therefore,
to extrude and mold the crystalline thermoplastics
into very complex shapes, having thin walls and that
sort of thing which takes advantage of the ease of
flow. When the plastic is cooled and the crystallites
are formed, many of the same benefits otherwise ob-
tained by cross-linking are obtained.

DR. H. R. MOORE (U.S. Naval Air Development
Center) : Mr. Rogers, I would like to ask you a ques-
tion. You developed a very interesting point about
the exceptionally high strength-weight ratio of plas.
tics in comparison with all the metals, showing that
they are superior. It would seem to me that would
be an excellent starting point for possible substitu-
tion of plastics developed by the industry. I wonder
if you would make a comment on this problem?

MR. ROMIEUX: Mr. Rogers, could you give an
example to the audience of the substitution of a plas-
tic for metals where advantage was taken of a high
strength-weight ratio of plastics.

MR. ROGERS: 1 know of none so far, mostly be-
cause the plastic parts which we have today are
more expensive or have less temperature tolerance
than the parts they replace. There are many possible
explorations and opportunities. All of them require
more judgment than I think most of us have yet
acquired to balance the properties of present mate-
rials against these other properties. For example,
you can attain a higher strength-weight ratio in a
plastic part than in any other known material. But
the cost is so high that to my knowledge, the only
present application of materials with such high
strength-weight ratio is in aircraft where the frame
manufacturer can afford two or three dollars a
pound to save a pound of weight. That situation
does not yet apply to the building industry.

MR. ROMIEUX: Professor Dietz, do you want to
make a comment on that question?

DR. DIETZ: 1 think I agree with Mr. Rogers that
generally costs have been so high that there have
been no direct applications in building so far. I
would like to point out that in dome-shaped struc-
tures the weight of the structure itself is usually the
deciding factor in engineering design. Thin-shelled
concrete domes, for example, have been built several
hundred feet in diameter and only several inches
thick. Even in those cases the weight of the concrete
was a deciding factor in the design. of the dome.
Generally, stresses are so low as to be almost ridic-
ulous. There might be a place in this field where the
favorable weight-strength ratio could come into the
picture.

MR. ROMIEUX: Has an experimental structure
of that type been built or is one being built in Can-
ada? Does anyone have any information on one in
Canada?

MR. ROGERS: I don’t know of any in Canada,
but the dome of the Ford Rotunda was made of a
reinforced plastic in that fashion by Buckminster
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Fuller, who has been doing some very interesting
work in thie field for the Air Force and with vari-
ous architectural schools in this country. 1 think
he is doing some exploratory work with McGill in
the University of Michigan in that same area, but I
am not sure.

MR. GEORGE E. STREHAN (Consulting Engineer
and Architect) : To Professor Dietz: In view of the
great flexibility, low modulus, and comparatively high
deformations of plastics, would you recommend a
larger ratio between working stresses and ultimate
strength of plastics than is commonly used for steel
and other materials?

MR. ROMIEUX: Professor Dietz, in designing
with plastics, in view of their relatively low modulus
and increased elastic properties, would you use a
higher factor of safety than when using other mate-
rials?

DR. DIETZ: 1 think the factor of safety has to be
determined on the basis of the particular application.
At higher temperatures, for example, a material that
shows greater creep should be used at lower stresses.
A higher factor of safety would be involved, there-
fore it is hard to say what the factor of safety should
be. Very frequently it would be higher in the case
of plastic than it would be for other materials. On
the other hand, on what basis do you specify a factor
of safety? In the case of steel, we like to design on
the basis of yield point. Many plastics have no defi-
nite yield point, so you have to determine what the
creep tolerance is going to be. How much creep will
you allow in a structure for a given length of time?
If you determine that, then you determine what your
working strength may be. The factor of safety for
strength may be high or it may be low.

MR. STREHAN: What I had in mind. Professor
Dietz, is whether the recovery of these materials after
removal of stress should be given recognition in the
design of a building. Particuarly, I have in mind
that the working limits of these plastics is somewhere,
as has been said, between 200° and 400°F. When
we design buildings we are designing for operation
under normal temperatures but we still provide gen-
erally that that structure shall resist temperatures
of 1700° to 2000°F.

DR. DIETZ: If you want your plastics to with-
stand 1700° and 2000°F, better forget it. But there
are plenty of applications at lower temperatures where
plastics are still permissible.

MR. ROMIEUX: I think we want to bear in mind
most plastics are organic material. As a general rule,
organic material can resist stress in proportion to
its weight.

MR. W. W. WOOD (SmaLL HoMmEs GuipE) : When
Mr. Rogers spoke of the very elemental equipment
and the low cost factor, I am wondering what pos-
sibilities there might be for development in the do-
it-yourself market. The “ham.” for instance, helped
the radio.



MR. ROMIEUX: Mr. Rogers, in view of the low
cost and the simplicity of the materials involved in
fabrication, what advantage is to be gotten from fur-
ther promotion in the do-it-yourself field?

MR. ROGERS: I think some smart manufacturer
who wants to put up resin in cans, as several have
already done, for such uses as overcoating boat hulls,
can get himself quite a nice do-it-yourself market.
It is a lot of fun to play with, it is sticky and messes
you up, you can buy a lot of extra gadgets to play
with, and so everybody will be very happy.

MISS MARILYN GRAYBOFF (ARCHITECTURAL
Forum): 1 have a simple question for Professor

Dietz. In that chart on the thermal conducitivity of
plastics were any of the foam plastics taken into ac-
count? Would that greatly alter the situation?

MR. ROMIEUX: I think we understand your ques-
tion. Professor Dietz, in the tabulation of coefficient
of thermal conductivity, did you take into account
the foam types of plastics?

DR. DIETZ: No, these are the dense plastics. The
range of the foam plastics, of course, would be only
about a quarter of the figures given there. Depending
upon densities, you can get values right down to
those of cork and the various other insulating mate-
rials,
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LIGHT-TRANSMITTING PANELS

By John S. Berkson*
Alsynite Corporation of America

SHOULD like to discuss specific applications of

plastic materials—especially fiberglass-reinforced
materials—in the light-transmitting field. Other papers
will be delivered here which will cover quite well.
I am sure, some of the other applications. The very
materials which make these products possible are
new, and so, of course, the products themselves are
new.

Glass-reinforced panels are not to be inferred to
be the only light-transmitting medium in the plastics
field. And, that is not the only application for those
materials. They have been used for many other pur-
poses. You have probably examined the center panel
(a fiberglass-reinforced panel) in the exhibits dis-
played at this conference. Many of you, I know, are
familiar with that type of product. Its uses are varied.
It has qualifications which we think are adequate to
meet the requirements that are generally impossed
upon it.

There have been questions raised this morning as
to the weather resistance of this material. The weather
resistance—I must admit—is not all that is desired.
We haven’t reached a point where we can sit back
and say that this material will stand up forever. It
won’t. However, we know of no material that is en-
tirely impervious to weathering.

These materials have been improved greatly over
the last seven or eight years. When we think back
to the panel that was produced seven or eight years
ago, well frankly, we hang our heads a little bit.
However, it isn’t so bad today; it’s better and getting
better all the time. Research by the resin manufac-
turers is bringing rapid results. There are develop-
ments in techniques by processors, such as ours,
which are also helping us.

I think that today you can use this kind of panel,
with confidence, for many types of exterior applica-
tions. One, with which you may be familiar, is in
the awning field. This particular material has been
used increasingly for awnings in the last two or three
years. You question, perhaps, why we should use a
light-transmitting material for awnings. There are
several reasons.

*John S. Berkson is the President and a Director of the
Alsynite Company of America, San Diego, California. He is
a graduate of the University of Southern California, a member
of The Society of the Plastics Industry, Inc., and the Pacific
Coast Building Officials Conference; and is a director of
Chemiglas, Inc.

First, it permits you to get the advantage of an
awning and at the same time avoid the darkening
of the room behind it. It is material that has a very
high diffusing factor, which actually raises the light
factor toward the back of the room. Second, it does
very definitely cut down direct rays, reduces fading
problems within the room, reduces the amount of
heat (as other materials would), and has many, if
not all, of the advantages of opaque materials like
aluminum, wood, and canvas—the conventional
awning materials. Since fiberglass is, at the same
time, a very attractive material and highly decorative
from within the room, as well as out of doors, it has
proved quite satisfactory for awnings.

If we go back to the origin of this particular
product, we find it was used originally in corru-
gated metal buildings. Now, you who are architects
and construction engineers probably are not too en-
amored of corrugated metal buildings. They limit
your application. In that type of construction it was
found that fiberglass was particularly economical be-
cause of its ease of installation. Naturally, it was
made to the shape that conformed to the pitch of
the corrugated material, and could be installed in
the same manner as the corrugated building or siding
material. The result was daylighting which infused
uniform light. And, there were many other advan-
tages over conventional types of daylighting.

I should like to refer to a question which was
placed before the last panel in regard to the cost of
this material. When plastics are used as direct sub-
stitutes for conventional materials we have a cost
relationship. But, if instead of being direct substi-
tutes, they do new jobs, then we have no basis for
comparing cost.

Suppose we compare the cost of a square foot of
this product with the cost of glass, for example. We
can buy window glass for 7 cents a square foot, or
somewhere thereabouts. What do we pay for a square
foot of this material? Well, more than ten times
that—over 70 cents. However, gentlemen, consider
that this particular product requires no special fram-
ing. It can be sawed. It can be nailed, screwed, or
molded into place. You architects know better than
I how much weight you have to allow for frames—
how much for the glass itself. Here you have a very
light-weight product which does not require special
handling, is shatterproof, is a high diffusing agent,
is attractive, and can be nailed into a building.
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FIG. 2.1.1: Fiberglass-reinforced plastic corregated
panel.

I would like to talk about color for just a minute.
Today there is a great concern about the psycho-
logical effect of color. We have seen a great deal
written in the past few years on what happens to a
man psychologically when he is put in a green room,
or a red room, or a blue room. We don’t tell you
what color to use—we are not psychologists—but we
do know that with these materials you have an un-
limited range of colors. You can bring the most
desired color into a building, whatever that color
may be.

The decorative uses of this product are almost
limitless (Figure 2.1.1). Do you want a panel that
will decorate in color integrally? That can be done.
Do you want hollow white walls where your lights
are actually within walled sections? That can be
done. Do you want diffused lighting for utilitarian
purposes in a machine shop, for example, where you
must have uniform lighting? That can be done. Do
you want an application such as awnings for both
decorative and utilitarian purposes? That can be
done.

While this is a very new product. I think it is safe
to assume that there will be more than 20 million feet
of this material installed in construction around the
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country this year. Seven or eight years of experience
have served to point up both the advantages and the
problems.

There are, today, a number of good manufacturers
who have spent considerable effort, time, and money
on the development of sets of physical data relating
to this product, and 1 would like to refer to that for
just a few moments. We have heard some highly
technical discussions as to the strength character-
istics of plastic materials this morning. I would prefer
to look at what happens when these products are in
place. How do they perform under the simple physical
requirements that must be considered?

We have here a reinforced product with a tensile
strength of somewhere around 15,000 psi. That is
coupled with flexual strength of around 24,000 psi.
What does that mean? It means that this material
has a load-bearing characteristic—on approximately
a four-foot span with conventional fasteners—of more
than 100 pounds per square foot. That means it is
adequate for roof installations where the failure
point need not be considered beyond that approximate
square footage. With a load requirement of 40 to
50 pounds, you have a safety factor of two—which
is good.

While we have reasonable permanence in this par-
ticular field, backed up by good performance rec-
ords, there are complaints; some of them come across
my desk periodically. Most of these complaints have
to do with what we would consider improper appli-
cation.

Now, there is no question but that a very high
light transmission means transmission of heat. Light
energy, essentially, is heat energy. It is possible, by
proper ventilation, by proper application, to reduce
the heat factor to a point where it is not a great con-
cern. If you shoot for 85 per cent light transmission,
which can be had with a particular product, you are
going to have heat troubles—no question about it.
However, these problems, as I say, must be met by
proper application. Remember, you don’t require 85
per cent light transmission. If you had 85 per cent
of direct sunlight coming into a building over the
entire building, you wouldn’t be able to read a paper
without an eye shade and dark glasses. You wouldn
like it.

The glass people have done a great deal toward lay-
ing out the percentages of roofs which must neces-
sarily be lighted. A glass skylight will permit a
very high light beam to come into a building. But
if you have a black floor, and this beam of light is
absorbed on the floor, then you have a very dark
perimeter.

This plastic material, on the other hand, has a very
high diffusion factor. So we can reduce the amount
of light brought into a building but diffuse it uni-
formly within the enclosure and thus achieve the
lighting characteristics which we desire (Figure 2.1.2).

Let me review briefly some of the points I have



FIG. 2.1.2: Light diffusion is uniform with plastic ceiling

mentioned. In the matter of cost, we might say,
“Cost compared to what?” In other words, you are
doing things with this particular material that you
can’t do with other things. Therefore we must con-
sider the cost in place or cost in use, not the cost
per pound or the cost per square foot. This is par-
ticularly important in this field because this product
can be handled readily on the job. It requires mini-
mum support. It does not require special framing.

By the same token, you should remember that this
is not an all-purpose material. It cannot be used for
everything and anything. However, within its field
it offers advantages over any other material, to my
knowledge, that has been available to date.

We are going to have a discussion a little later by
Dr. Pierson on the use, particularly, of acrylic in
similar fields; so I am taking the liberty of passing
over that aspect of light-transmitting panels.

The original application of this product was sky-
lighting. However, that is becoming more and more

only a portion of the field of aplication. We have
seen in the last three years the growth of this mate-
rial in the awning industry, and I believe it will con-
tinue to expand in that field.

There is a new field for this material which has
just been touched to date, and that is the field of
shower doors and tub enclosures. It is my opinion
that this is going to be one of the largest applications
for this material. It has many advantages inside the
home. First of all, it is shatter proof and its use
will help to cut down the number of accidents in
the home.

One last word: Remember to examine these plas-
tic materials carefully from the standpoint of proper
application. We in the industry do not want to en-
courage the use of materials where they do not be-
long. By the same token, we hope that you will give
us the opportunity to serve you in a manner which
will take advantage of the quality which we do have
to offer. Thank you.
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GLAZING AND INTERIOR ILLUMINATION

By Orville L. Pierson*
Rohm and Haas Company

IGHT-TRANSMITTING plastics are being used
in the building industry for a number of other
purposes in addition to the light-transmitting panels
which were discussed by Mr. Berkson. The panels
came into wide use more rapidly than other applica-
tions because they could be substituted easily for
opaque materials and often could be installed by the
same methods used for other materials.

Other light-transmitting uses of plastics have re-
quired the development of “packages” which simply
could be specified by the architect and easily obtained
and installed by the builder. Lighting fixtures are
an elementary illustration of this type of use but are
considered beyond the scope of this conference since
they are so readily available and normally are in-
stalled as a kind of accessory to a finished building.

The outstanding light-transmitting uses of plastics
are in skylights, glazing, and luminous ceilings and
facades. These applications also illustrate different
stages in the development of plastic uses in the build-
ing industry. One-piece dome skylights have become
very well established and are available from a large
number of manufacturers in packages ready to set
onto the curbs. Window glazing ranges from the
simple substitution of flat plastic panels for glass to
a number of ideas which are still under development
where the additional properties of plastics may be
used to create new and attractive effects for the con-
trol of daylighting. Luminous ceilings also have pro-
gressed to the package stage, but store fronts or
facades remain largely a custom business.

PROPERTIES OF PRINCIPLE PLASTICS
USED FOR GLAZING AND ILLUMINATION

Three basic types of plastics are used for these
purposes: acrylics, vinyls, and glass-reinforced poly-
esters. The general properties of these materials are
shown in Table 1 which has been abstracted from
the book, Technical Data On Plastics, published by
the Manufacturing Chemists Association, Inc. The
table also shows 1954 prices for the base resins as

*Dr. Orville L. Pierson is head of the Plastics Laboratory
for Rohm & Haas Company, Bristol, Pennsylvania. He was
graduated from the University of Nebraska in 1932 with a
B.Sc. in mechanical engineering and received his master’s
(1933) and doctorate (1935) in mechanical engineering from
Rensselaer Polytechnic Institute. He is a registered profes-
sional engineer in Pennsylvania and New York and has con-
tributed to numerous publications in the plastics field.
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quoted by Plasiics World. It should be noted that
these costs are essentially per pound of raw material
and that the processing and conversion costs—to be
added before a finished item is ready for the build-
ing contractor—will vary widely. Additional costs
will be discussed in conjunction with each of the
applications.

ACRYLIC PLASTICS

The outstanding properties of the acrylic plastics
are their excellent resistance to weather and their
great clarity. The weather resistance is dramatically
demonstrated by the use of cast acrylic sheets for
aircraft glazing, including cockpit enclosures on the
high-altitude fighters. It has also been demonstrated
by many years of satisfactory performance in the
building industry.

The water-white transparency of the basic material
permits unusually high light transmission when
acrylics are used in the clear form. It also permits a
full spectrum of colors ranging from neutral gray
tints for glare control to diffusing translucent colors
of interest in ceilings, facades, and in some cases for
skylights. Special compositions of the acrylics can
transmit more ultraviolet light than normal glass
glazing.

The material in the cast sheet form is available in
construction industry sizes up to about 8 feet by 10
feet and in thicknesses ranging from 1/16 inch up-
ward. It is also available as a molding composition
which may be converted to sheet form by extrusion
or to a wide variety of special shapes by injection
molding. These latter uses are typified by automobile
tail lights and parking light lenses which again
demonstrate the outdoor nature of the material. Being
a thermoplastic, the material is readily formed into
the shapes required in building. Thus, a dome sky-
light can be made from a flat cast sheet of acrylic
by simply heating it, clamping it around the periph-
ery, and blowing it to the required height much in
the fashion of inflating a rubber balloon. This thermo-
plastic property also leads to some limitations in use,
but reference to Table 1 will show that the heat dis-
tortion temperatures or allowable service tempera-
tures are satisfactorily high for building use even
in the tropics.

Like all of the organic plastics, the acrylics have
relatively large coefficients of thermal expansion. It
is necessary in making installations with them to make
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adequate provision for expansion and contraction,
particularly since they are often used in very large
sizes. In general, this creates no severe problems so
long as the architect or builder is aware of this prop-
erty.

The acrylics also offer good strength properties,
such as tensile, impact, and flexural, as may be seen
from Table 1. However, care must be taken not to
overwork them lest they show signs of distress in
the form of a very light surface checking known as
crazing. Allowable working stresses for continuously
imposed loads are in the range of 1500-2000 psi. Un-
der many conditions loads such as these may result in
an undesirably large deflection, and hence the long-
time deflection, or cold flow, of the material should
be investigated. Normally, these problems are avoided
when using thermoplastics by shaping the material
to rigidize it, as in corrugated sheet or in the dome
skylights.

VINYL PLASTICS

The vinyl plastics are generally not recommended
for long-term use when subjected to outdoor ex-
posures. Their outstanding properties are an extreme
toughness, which permits their use in very thin sec-
tions, and their self-extinguishing nature after ig-
nition.

The vinyls are, like the acrylics, thermoplastic and
so may be processed by the same general methods.
Production of the very thin sheets—the most common

form in which the material is used in buildings—is,
however, usually accomplished by rolling the material
in calenders. The thin sheets are then normally cor-
rugated to provide sufficient rigidity. Custom:formed
shapes may, of course, be readily produced from the
material. Basically, the vinyl is transparent but it
is normally used as a white translucent sheet to pro-
vide good diffusion of artificial illumination.

FIG. 2.1.3: Plexiglas dome at Princeton University
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FIG. 2.1.4: Plexiglas skylight domes, each 62 by 96 inches

POLYESTER PLASTICS

The third of the light-transmitting plastics with
which we are presently concerned are the polyesters.
These materials are normally used with a fiberglass
reinforcement and have been discussed in complete
detail by others at this conference. They are charac-
terized by great strength, derived from the glass rein-
forcement, and can be made in a variety of custom
shapes and sizes. They offer good weather resistance,
but with some minor trouble from erosion which ex-
poses the glass reinforcement. At present the poly-
esters are not available in a completely transparent
sheet, since the glass reinforcement introduces a trans-
lucent effect. The widest use of these materials is in
the form of corrugated panels, but some of the custom
shapes have been used, at least experimentally, in
skylights, windows, and ceilings.

SKYLIGHTS

The one-piece dome skylight is an outstanding ex-
ample of the adaptability of plastics to the require-
ments of the building industry. This development
was started by the Rohm & Haas Company as early
as 1946, but it has not been until recent years that
the skylights have become widely used. They offer
the advantage of a skylight enclosure which is en-
tirely in one piece and thus leakproof. Since the
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units require no supporting frames, they admit sub-
stantially more light to the building through a given
size of opening. Where desirable, they may be made
in a translucent acrylic sheet, thus diffusing the light
more completely within the building.

Despite these outstanding advantages, the develop-
ment of the plastic skylight moved quite slowly until
completely packaged units were made available by
building supply people and fabricators. These units
are now supplied to the trade with the flashing and
edge attachment already mounted to the acrylic sheet.
At present a number of fabricators and manufacturers,
well distributed across the country, are offering these
packaged units. Their light weight usually permits
one man to handle them during the installation, al-
though some of the very large-sized domes, such as
5 feet by 8 feet, require two men. Installation nor-
mally consists of dropping the unit over the pre-
pared curbs and fastening it in place. The amount
of on-site labor required is, therefore, substantially
less than usual.

These dome skylights utilize some of the best prop-
erties of the acrylic plastics—i.e.: weather resistance,
transparency, shatter resistance, availability in large-
sized sheets, and formability. Some development work
has been done on skylight domes of other plastics,
principally polyesters, and a good many other shapes



FIG. 2.1.5: Acrylic plastic Plexiglas as a corridor
cover.

in addition to the simple domes have been used or
tested. Thus, for example, corrugated sheets have been
used as a glazing material for custom-built skylights
ranging from nearly flat lights to steeply inclined glaz-
ing in saw-tooth construction. The acrylics, however,
remain the principal material used for skylights pri-
marily because the sheet is readily formed to desired
shapes, even on a custom basis, and offers all of the
other properties necessary for a long-lived installa-
tion.

Figure 2.1.3 illustrates one of the larger-sized,
custom-fabricated skylight domes. This installation
was made during the earlier development work and
is used by a university to create shadow effects on
architectural models located below the dome. Fig-
ure 2.1.4 shows an installation of the larger-sized,
commercially fabricated skylight domes nearing com-
pletion. It will be noted that the flashing and edge
protection has been attached to the curb and that the
plastic dome is being set into place.

The plastic materials have been rated as slow burn-
ing and so have been approved by insurance labora-
tories. However, experience has shown that it is
desirable to protect the edge of the plastic dome by
metal, thus providing some degree of fire resistance
should a fire spread across the roof. The attach-
ment methods have also been worked out to provide
for constant drainage of condensate to the exterior
of the building while making adequate provision for
expansion and contraction of the plastic dome.

Among other variations involving the use of the
plastic skylight dome are ventilators or fans in a
prefabricated curbing ready for installation of the
roof. Accessories have included ceiling domes, usu-
ally made of a diffusing material and mounted level
with the interior finish of the building.

Since the acrylic plastics are readily formed to
special shapes, considerable development work has
been done to evaluate such shapes for skylight use.
Some evidence has been collected to indicate that a
deeply formed dome—approaching a hemisphere—

FIG. 2.1.6: Acrylic glazing fulfills safety requirements

actually will gather more light into a given opening
than would pass through the unglazed opening.
Another special shape developed for custom use
is shown in Figure 2.1.5, where the acrylic plastic
has been employed as a cylindrical top for a corridor
and also as a very large multipanel dome. The in-
stallation illustrated is on the S. C. Johnson Company
research building designed by Frank Lloyd Wright.
Here the acrylic sheet has been engaged in metal
channeling to provide for necessary expansion and
contraction and is employed as the weatherproofing
medium over roofs constructed of glass tubes.

PLASTICS FOR GLAZING

Increasing quantities of plastics are being used for
glazing, in many cases as a substitute for glass. Al
though the plastics are markedly higher priced than
glass, they have proved to be economical in areas

FIG. 2.1.7: Plexiglas acrylic plastic sheets were
formed on the site to the required curvature.
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FIG. 2.1.8: Transparent neutral gray acrylic plastic window panes cut glare, guard against playground breakage

where there is a rate of high glass breakage, since the
shatter resistance of the plastics cuts the need for re-
placements and eliminates the attendant labor cost.
The material used for this purpose is primarily acry-
lic sheet, in its natural transparent state or tinted,
translucent, or patterned to provide an effective con-
trol of glare. The reinforced polyester sheet is be-
coming available as a flat material for this purpose
and has been used in some installations. Distribution
of these materials is rapidly improving, and material
for glazing can now normally be bought over the
counter from plastic shops in most metropolitan areas.

When the plastic is used in relatively small panes,
it can be set in a sash in much the same manner as
window glass, and some of the permanently soft
glazing compounds can be used. As the size of the
pane increases, however, more careful consideration
must be given to installation methods. Thus, for
panes larger than two feet square, glazing beads or
other similar channel methods of installation are rec-
ommended. While sizes as large as four feet have
been successfully installed in some types of com-
mercial sash, normally these sash do not provide a
satisfactory edge engagement. Special methods have
been developed to adapt the standard sash where it
is desirable to use it with plastic glazing.

Figure 2.1.6 shows a large installation of flat acry-
lic glazing where shatter resistance and safety were
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among the prime considerations, since it was con-
sidered undesirable to locate large areas of glass
over the heads of the spectators in the stadium. The
light weight of the acrylic glazing—less than half of
glass—was also an important factor, making the
sliding sash easier to operate.

Figure 2.1.7 shows a residential installation of
acrylic glazing where the plastic sheets were formed
on the site to the required curvature. This may be
done safely as long as the radius of curvature exceeds
180 times the thickness of the sheet. In this particular
case the use of the plastic sheet effected a marked
saving in comparison with custom-formed glass.

Flat acrylic sheets are being used increasingly for
glazing in school buildings. Here they contribute not
only the shatter resistance needed to protect against
breakage in playground enclosures but also provide
glare control through the use of tinted or diffusing
materials. The use of the transparent neutral gray for
glare control in a Detroit school is illustrated in Fig-
ure 2.1.8. This school has employed the plastic vision
strips in conjunction with glass block.

The best use is made of the plastic glazing materials
when they are formed in shapes especially suited to
the purpose. This point was illustrated in the dis-
cussion of skylights, for which the doming of thermo-
plastic materials produces a part ideally suited to

the need. The same general architectural concepts
AEER



are being extended to sidewall glazing where the
forming of the plastic material is introducing a new
three-dimensional look. Figure 2.1.9 shows one appli-
cation of specially formed glazing to the upper por-
tion of a school gymnasium in Philadelphia. A spe-
cially formulated, blue-tinted, translucent acrylic
sheet was used to form the V-rib panels. Since these
panels are flat around their periphery, they can be
easily installed in channel-type mountings. The form-
ing in this case was done to add an interesting tex-
ture to the building exterior as well as to rigidize the
plastic sheet, thus permitting the use of a thinner,
less expensive material.

Other installations have used simply domed panels
for the replacement of multipane steel sash in indus-
trial locations where corrosion of the steel has been
a serious problem. Obviously, a great many other
shapes and textures can be readily created wherever
the architect or builder wishes to employ glazing to
harmonize or contrast with the other building tex-
tures.

In addition, the forming of the plastic glazing
panels offers an unusual possibility for built-in sun-
light control. For example, one side of the ribbed
surfaces shown in Figure 2.1.9 could be opaqued by
application of plastic coatings, thus admitting only
northern or general sunlight to the building. Research
into the full possibilities of these large one-piece
Louverlite glazing panels is now under way in the
Rohm & Haas laboratories. Data are being collected
on the light distribution within when various designs
of these acrylic panels are used. Some work has been
done with special shapes of reinforced polyester plas-
tics. To date, this work has been limited to coffer-
like panels shaped primarily to rigidize them, thus
permitting glazing of a large opening with relatively
thin sheet.

An intriguing development possibility lies in pris-
matic panes which might be either extruded or
molded from the thermoplastic acrylics. The molding
process can easily produce a far more precise optical
system than is practical in cast glass. Thus, acrylic
panels could be designed and produced in thin sec-
tions to effect very good control of sunlight entering
the building. Precisely molded prisms could be de-
signed to direct the sunlight to the upper portions of
the room, where it could be spread through the room
to provide a satisfactory distribution of daylight.
These panels could be quite thin, in contrast with
glass block, and could be readily installed in stand-
ard metal or wood sash. The use of two panels, pris-
matic surfaces face to face, would avoid the problem
of how to clean the prismatic surfaces and at the
same time provide insulating values in the window.
‘The practicality of such optical systems in thin sec-
tions was established some years ago with the develop-
ment of production methods for magnifiers used on
small television screens. It will be recalled that, for
this purpose, lenses were molded into the acrylic

FIG. 2.1.9: Example of special forming of plastic
glazing.

FIG. 2.1.10: Rigidized tinted acrylic sliding shower
panel.

sheet which had the end appearance of a phonograph
record and yet provided the same magnification
achieved earlier by extremely thick lenses.

The use of the formed acrylics has made possible
some new concepts in the solution of interior archi-
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FIG. 2.1.11: Plastic railing has decorations accented by edgelighting

tectural problems, Shower curtains have been re-
placed with sliding panels rigidized from tinted acrylic
sheet as shown in Figure 2.1.10.

The acrylic plastic sheets have also been widely
used for unusual decorative effects in interiors. Fig-
ure 2.1.11 shows a railing in a Dallas theater which
has been decorated by curving the surfaces of the
plastic, and has the decoration accented by edge-
lighting. The unusual clarity of the acrylic plastic
makes it possible to introduce the light into the mate-
rial along any edge of the sheet. Decorations applied
to the sheet surfaces—carving, painting, or scribing
—glow attractively when so lighted.

LUMINOUS CEILINGS

The availability of large, lightweight, shatter-re-
sistant, plastic sheeting has made practical the even
illumination of the entire ceiling in rooms. Such
lighting virtually brings the outdoors inside by pro-
ducing shadow-free, glareness illumination at very
high levels. The plastics used here have been either
very thin vinyl sheeting of the .007-inch thickness
range, or acrylic sheet. The vinyl is normally cor-
rugated, thus rigidized sufficiently for use in spans
up to 36 inches, and is available in rolls as long as
desired.

The acrylic sheet has been used in thicknesses
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in the .020-inch range when produced by a special
process which toughens it by orientation of its mole-
cular structure. This material is at present limited
to about 24-inch widths, and larger sections of acrylic
use the standard production processes with thicknesses
usually in the 1/8-inch range and sizes up to five feet
square. For the larger-size sections, the acrylics are
rigidized either by corrugation or by forming into
special custom shapes suited to the architectural
decor. The acrylics are also available commercially
in standardized coffer sections suited to mounting in
either metal or wooden supports.

Both the vinyl and the acrylic ceilings may be
specified as complete packages, including the electrical
installations. Systems have also been worked out
whereby the plastic ceiling may act as the inlet for
conditioned air. Sound-absorbing baffles often are
added to the ceiling, or in some cases sound condi-
tioning is achieved by areas of sound-absorbing
ceiling surrounding illuminated areas.

Costs of these plastic ceilings have ranged upward
from $3 per square foot including the electrical in-
stallations. In comparing this cost with other types
of lighting, it should be noted that the plastic ceiling
normally comprises the entire ceiling finish and can
thus save substantially on the construction cost. In
many cases of remodeling, luminous plastic ceilings



FIG. 2.1.12: Flat acrylic sheet for diffused ceiling
lighting.

FIG. 2.1.13: A commercially available package
ceiling installation,

have been used to conceal a maze of piping and
ducts, thus achieving a clear interior with outstand-
ingly good lighting at a low over-all cost.

Some use of plastics, particularly the vinyls, has
been made in egg-crate ceilings. Generally, these in-
stallations have not proved as satisfactory as the
ceilings employing diffusing plastic panels. The prin-
cipal reason for the preference for the diffusing panels

FIG. 2.1.14: Plexiglas ceiling with acoustic baffles

FIG. 2.1.15: Example of design possibilities with
Plexiglas acrylic plastic for ceilings.

has been that the egg-crates permit reflection of the
bare tubes on articles located directly below the light
sources. This reflection is particularly troublesome
on drafting instruments or on the keys of business
calculating machines.

Figure 2.1.12 shows an installation of flat acrylic
sheet as the diffusing medium in a ceiling for a
powerhouse control room. Generally, the flat sheets
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FIG. 2.1.16: Another deign using alternate squares
of perforated metal and plastic diffusers.

FIG. 2.1.17: White translucent Plexiglas covers
fluorescent lights; spotlights for accent lighting.

FIG. 2.1.18: Outdoor acrylic installation in use
since 1948.

FIG. 2.1.19: Store front of corrugated acrylic sheets
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FIG. 2.1.20: Decorative Plexiglas store front

are not used since it is necessary to use rather thick
sections to avoid an objectionable sag in the sheet
or else limit the spans to modules as small as two
feet. Rigidizing of the sheets by corrugating permits
spans up to four feet, and also introduces textural
possibilities. The corrugation also permits admission
of ventilating air through the spaces at the ends of
the corrugation, since the plastic sheets are usually
supported by T-sections with clearance between the
web of the T and the ends of the sheets.

One of the commercially available package ceiling
installations is shown in Figure 2.1.13. This installa-
tion employes corrugated acrylic sheet, but the cor-
rugated vinyl sheeting is often used in similar installa-
tions. In Figure 2.1.13 the acoustic baffles used for
sound conditioning also permit easy installation of
sprinklers below the plastic ceiling. Further sound
conditioning has been achieved by strips surrounding
the ceiling and covering the upper portion of the
walls of the room.

The use of standardized coffer sections is illustrated
in Figure 2.1.14, where they have been employed in



a five-foot module. Another demonstration of the
design possibilities of the easily formed thermoplas-
tic acrylic sheets may be seen in the Pittsburgh Gate-
way Ceunter corridors shown in Figure 2.1.15. Many
other decorative techniques are possible as, for ex-
ample, use of alternate squares of perforated metal
in Detroit’s Sheraton-Cadillac Hotel, shown in Figure
2.1.16.

Use of luminous ceilings in some cases produces
such a uniform or bland lighting that accent lighting
may become desirable. One method of achieving such
accent lighting is shown in Figure 2.1.17, where in-
candescent spotlights have been built into the ceiling
at the Museum of Fine Arts in Boston. The spot-
lights not only provide the accent but also permit
mixing their warmer light with the output of the
fluorescent tubes normally used in luminous ceilings.
In some cases luminous ceilings have, in fact, become
true skylights in roofs. In these cases addition of
artificial illumination between the plastic ceiling and
the skylight carries the daylighting effect on into
the night time.

The luminous ceiling concept has been carried out-
doors in the application of luminous facades to store

buildings. Figure 2.1.18 shows the historic installa-
tion of an acrylic illuminated store front made by
Food Fair in Atlantic City in 1948. At the time of
its installation this was probably the largest plastic
item ever made, but it has since been entirely over-
shadowed. It has continued in satisfactory service
since its installation and so has given considerable
impetus to the outdoor use of acrylic sheet. The
above-mentioned installation employed custom-formed
sections to create the effects shown in the photograph.
Many subsequent developments, such as the Edison
store front shown in Figure 2.1.19, employ corrugated
acrylic sheets which are now available for widely
distributed suppliers.

The possibilities of combining illuminated plastic
sheet with other materials and of making the lighting
and integral part of the design are illustrated in
Figure 2.1.20, where diffusing panels permit bright
lines of the light sources to carry through. Rein-
forced polyester sheets have been used in store fronts.
to a limited extent but in many cases have not been
as satisfactory as the acrylics since the presence of
the glass reinforcement makes it impossible to achieve
the same uniformity of color and light distribution.



GENERAL DISCUSSION

MR. HUNTZICKER: We are going to have Mr.
Berkson and Dr. Pierson participate in a short dis-
cussion, which will be moderated by Mr. C. L.
Crouch, Technical director of the Illuminating Engi-
neering Society of New York City. Mr. Crouch is a
graduate of the University of Michigan with a Bache-
lor of Science degree in Electrical Engineering. He is
a member of the Optional Society of America, has
been employed in the past as an industrial lighting
consultant and as an illuminating engineer. He is the
author, or co-author, of many attendant articles on
lighting and illumination. Mr. Crouch.

MR. CROUCH (Moderator): Mr. Chairman,
speakers, friends: We are happy that the illumina-
tion field is being properly considered in relation
to plastics. I see, also, that there is a noticeable
sprinkling of the competitive glass industry here;
so we may have an interesting time in the next few
minutes.

We are happy to think of what plastics contribute
to the illumination field, because we feel they can
make a real contribution and, indeed, have already
made an outstanding, almost a revolutionary, contri-
bution. You have probably seen some of those revo-
lutionary developments and, as you go on into fix-
tures, you will see a tremendous development in that
phase, also.

Just as a little basis for our thinking here as engi-
neers in the illumination field. let me say that we are
coming to realize that we are concerned, not merely
with illumination on a job, but with the whole lumi-
nous environment and its impact on the human or-
ganism. We see to feel, and we feel to see, and so
all of our psychological reactions, our emotional re-
actions, and our human performance are dependent
on this total luminous environment. In other words,
we are inclined to extrapolate somewhat and say
that the acoustical aspects of that same environment,
and thermal action, all combine to give livability and
performability to the complex human organism.

So, while we are thinking of this medium, it is
not just a matter of how much electrical current can
be turned on but what brightness balance can be
produced. Sometimes that means cutting down the
amount of light or amount of brightness that nature
gives us, or redirecting and controlling it in such a
way as to produce the desired effects.

Now, can we think in terms of the functional re-
quirements and have some questions also regarding
the mechanical characteristics?

MISS MARILYN GRAYBOFF (ARCHITECTURAL
Forum): I have a question about glazing and also
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one about skylighting. I have noticed that, with few
exceptions, standard glazing techniques that have been
developed for glass are used. Would it be possible
in the skylights to mold an integral flange on a sky-
light to eliminate the metal so that it could be directly
flashed to a roof? And in the glazing with polyester
panel, wouldn’t it be possible to work up details that
could be sent out to architects showing the applica-
tion directly to rough framing or to masonry?

MR. CROUCH: That's a long question. The
thought is, can we develop the product with flanges
and with accessory arrangements that will provide
easy usefulness of the materials? Did I capture the
thought of it?

MISS GRAYBOFF: Well, more than just easy
application. Make the material work to full advan-
tage, make the plastic work as its own f{raming, if
possible, rather than using metal framing that has
to be developed to support it.

DR. PIERSON: I would like to point out that this
whole development started with self-framing. It
would be quite simple to form a dome that would
be entirely self-flanging to eliminate most of the
metal contact. But there are certain good fire in-
surance reasons for not doing that. That is why we
put metal in that place where a minimum of metal is
used to provide fire-proofing around the edge. Also,
it somewhat simplifies the attachment to the other
roofing materials. John, do you want to comment?

MR. BERKSON: It is possible to treat both of
these types of materials in a similar manner, as one
might treat any other nailable or fastenable product.
In other words, it is conceivable that one may install
directly into the standard construction of the build-
ing using a panel of this material in conjunction with
conventional materials, rather than with special
framing. This is most common, of course, in metal
buildings and can be done in built-up-roof buildings
by simple framing in the required preparation for a
stamping. However, it is possible to eliminate the
problem of individual glazing of the sections of the
window. Does that answer your question?

MISS GRAYBOFF: I understand that it can be
used that way. I think architects realize it somewhat;
yet, we still find that everybody, or almost everybody,
uses conventional glazing framing.

MR. BERKSON: There are specific framing details
available.

MR. JEFFREY E. ARONIN (Voorhees, Walker,
Foley & Smith): 1 would like to ask Dr. Pierson
whether it is possible to score acrylic light-transmit-
ting panels in the same fashion that glass may be



scored, so that, if they are used in laboratory windows
or domes, they can be blown out by explosion.

DR. PIERSON: That can be done but not very
satisfactorily. We feel that the better approach is
to use a thinner section, which will permit the entire
panel to snap out and at the same time leave an un-
damaged panel for normal use. Another innovation
that has been used is a kind of a blow-out mounting
using a spring-type of arrangement so that, with the
flexibility and resilience of the plastic panel, the
whole thing will snap out and can be set back in
place.

MR. GUY G. ROTHERNSTEIN (Architectural
Consultant, Progressive Industries, Inc.): I have a
question concerning a building which was hit by a
hurricane. 1f this building had been glazed with
ordinary glass, would the hurricane have shattered
the glass and the roof stayed in place?

DR. PIERSON: Fortunately, there happens to be
a very complete answer to that. The building in ques-
tion was a loading dock that was entirely open on
the fourth side; so there was no question of build-up
in this case.

MR. WALTER A. TAYLOR (American Institute
of Architects): In our clinic service we have had
claims about colorfastness of this plastic material in
exterior use, and the dissent from colorfastness. Is
there any reassurance today?

MR. BERKSON: There are standards being set up
within the industry. I am sorry to say the standards
have not been completed to date. The product is not
entirely colorfast, but it is approaching that condi-
tion. It is fade resistant, to a point. Let’s put it this
way—where a known or standardized product is in-
volved, you can expect reasonable colorfastness; where
unknown or unestablished products are involved, it
is very difficult to say, very difficult to know the
pigments and the resins that were used.

MR. CROUCH: May I amplify that question to
say: Is it possible to keep uniformity of color con-
trol in the plastic?

MR. BERKSON: That is a question for the paint
industry as well. Reasonable uniformity has been
obtained in color control.

DR. PIERSON: May I amplify that? One of the
greatest problems with color is outdoor exposure in
test stations, most severe of which is probably in the
south of Florida. At present, in terms of some of the
plastic materials in certain colors, it is possible to
offer good assurance that you will have no noticeable
or visible change in color over a period as long as
five years in South Florida. It is necessary to be very
careful in selecting the color to get the greatest
stability. There are plastic materials that are designed
for special color effects but they should be used only
in interior applications or in cases where color
stability would not be important.

MR. CROUCH: We hope to get more information

on this across to you people. Can one of the gentle-
men of the panel speak of the problem of cleaning
and destaticizing the material in lighting fixtures?

DR. PIERSON: I assume that is intended to refer
to the acrylic resins as well as to some of the other
transparent materials. This has been a rather serious
problem, because, as you people in the electrical in-
dustry know, good electrical insulators build up static
charges. The industry’s answer to this problem is to
make available various antistatic waxes which can be
applied to light shields or diffusers at the time they are
installed and reapplied anytime they are taken down
and given a thorough washing or cleaning. These
waxes have been quite successful in leading off the
static charge. Microscopic action keeps a little bit
of moisture on the surface and helps to discharge the
electrical accumulation. Generally speaking, in large
areas static charge has not been too serious an ob-
stacle to overcome.

MR. WALTER KUCHTA (Pace Corporation): I
have a question for each of you gentlemen. Does
Mr. Berkson intend to imply that the high-diffusion
factor is available only in plastics, and does Dr. Pier-
son intend to imply that plastics only are suitable and
available for play lights?

MR. BERKSON: It was not inferred that fiber-
glass reinforced plastics are the only reasonable mate-
rial for diffusing light.

Dr. Pierson: 1 think we ought to point out that,
with limited time, we can add only some brief remarks
on the subject we are talking about. Such established
people as the glass industry are completely well known
to all of us. (Applause.)

MR. KUCHTA: I'd like to direct my questions to
Mr. Berkson. What progress has been made to date
in factors of glazing with the possible utilization of
fibrous glass, both from the standpoint of weight and
cost?

MR. BERKSON: These factors are not easy to de-
scribe specifically. The average weight of the mate-
rial itself amounts to approximately eight ounces per
square foot. Conventional supports are all that are
required in the average factory installation. In other
words, it is not necessary to supply specific framing
for glazing. In small or flat panes, however, it would
be necessary to use conventional framing methods.
That means you would have the inherent weight char-
acteristics of a glass installation and would lose part
of the savings to which we referred earlier. As far as
cost is concerned, the cost ratio to that of glass de-
pends entirely upon' the economies which may be
effected on installation and on the replacement factor
which would be apparent in instances where breakage
is likely to occur.

MR. CROUCH: I am sorry, that is the last-ques-
tion we can take at this time. We will now adjourn
for lunch and will meet here at two o’clock for the
afternoon program.
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PLASTIC THERMAL INSULATIONS AND VAPOR SEALS

By R. N. Kennedy*
The Dow Chemical Company

N addition to the usual durability and low cost

requirements for a building material, a thermal
insulation must have a low heat transmission rate—a
K-factor of less than .50. Basically, plastics are poor
conductors of heat and, in their expanded form, they
meet the accepted values for thermal insulation. An
insulation must also be resistant to the accumulation

of water and ice, whether such resistance is achieved -

either by its own structure or by proper installation
techniques. It must not decay or support fungus
growth and it should be odorless. These requirements
are inherent in many expanded plastic materials. The
high strength-weight ratio of expanded plastics is a
further advantage in insulation uses.

Most plastics have been expanded and, as such,
may be classified as: (a) thermosetting or thermo-
plastic, (b) connecting or non-interconnecting cellular
structure, (c) “pre-expanded” or “foamed-in-place.”
Many of the properties of expanded plastics—such as
resistance to solvents, durability, burning character-
istics, water resistance and heat resistance—are en-
tirely dependent upon the base plastic.

As mentioned previously, several factors are to be
considered in the selection of an insulation for the
building industry. In addition to thermal conductivity,
durability, and resistance to mold, rot and decay, the
characteristics most often examined are:

Resistance to water (non-interconnecting cells)
Strength and toughness at low densities
Handling and installation (sizes available)
Cost

Odor

Flammability

. Resistance to heat.

NG R

In the following chart, various commercially avail-
able expanded plastics are compared with respect to
these factors. The numbers in the chart refer to the
characteristics numbered above:

Satis- Unsatis-

Plastic Excellent  factory factory
Polystyrene—P, R ......... 1,2,3,5 46,7
Phenolic—E, R ........... . 6,7 1,45 23
Alkyd-isocyanate—E, R-F .. 1,7 2,56 3 4
Polyvinyl chloride—P, R-F .. 1,6 2,57 3,4
Urea-formaldehyde—P, R ... 5,6 4, 7 1,2 3
Cellulose acetate—P, R .... 1,5, 7 2,3,6 4

P: Pre-expanded; R: Rigid;

E: Expanded-in-place; F: Flexible.
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Up to the present time, with one exception, these
plastics have not been accepted as insulation in the
building industry, primarily because of cost, but in
a few instances because of insufficient structural
strength or resistance to water. The exception—ex-
panded polystyrene—has been used as low-tempera-
ture and comfort insulation for the past nine years.
This material meets the requirements for an insula-
tion. It is also low in cost because it is produced by
continuous process from a low-cost plastic. It is
expected that other expanded plastics will become ac-
cepted as costs are reduced through inproved tech-
nology of manufacture and larger volumes.

Expanded polystyrene is light in weight, 1.3 to 2.0
pounds per cubic foot. It has an average K-factor
of .25, an average compressive strength of 3,000
pounds per square foot, has excellent water resistance
with no capillarity, and negligible water vapor trans-
mission. It does not rot or decay, is odorless, and is
easily handled and installed. Expanded polystyrene
is a very versatile material, finding application in
many fields. It has been accepted as a low-tempera-
ture insulation in freezer and cooler spaces, refriger-
ated trucks and railroad cars, ships, domestic refriger-
ators, etc.

COMBINED USES, AT FIRST

Its first use, in the general building field, was ap-
proximately eight years ago—as a combination in-
sulation moisture barrier and plaster base in masonry
block homes. As a plaster base in masonry construc-
tion, expanded polystyrene boards are applied to ex-
terior walls by means of low-cost Portland cement
mortar. Plaster is applied directly to the boards,
resulting in a construction which compares favorably
in cost with the standard furring strip method and
gives a wall with a lower U-factor and greater resist-
ance to the passage of water vapor.

In Figure 2.2.1 you see boards being applied to
concrete block wall. The uniform layer of Portland
cement mortar is applied by means of a push-box.
Figure 2.2.2 shows expanded polystyrene boards in
place on the masonry wall of a home, ready to receive

*R. N. Kennedy is employed by The Dow Chemical Com-
pany, Midland, Michigan, as section head of the firm’s plastic
technical service. He is a graduate of Michigan State College
with a B.S. degree in chemical engineering. He is a member
of the American Chemical Society and the American Society
of Refrigerating Engineers.



FIG. 2.2.1: Polystyrene boards applied to concrete
block wall.

the first coat of plaster. In cinder-block construction,
this method results in a U-factor of .15 as compared
to a U-factor of .27 for the furring strip method.

As perimeter and slab insulation, use of expanded
polystyrene has been growing rapidly in the last few
years because it maintains its K-factor by not absorb-
ing water and will not rot or decay. The boards may
be placed in the forms and the concrete poured di-
rectly against them or they may be adhered to the
structure after the masonry is in place. An example
of its use as slab insulation is shown in Figure 2.2.3.
The boards are laid directly on sand fill, the reinfore-
ing wire is laid in place and concrete wearing floor
is poured directly on to the expanded polystyrene
board.

One method of using perimeter insulation is shown
in Figure 2.2.4. Here the boards are laid under the
floor slab around the perimeter of the building. The
insulation also may be placed on the inside or the
outside, of the foundation. In this case, the boards
are placed in the forms and the masonry poured di-
rectly against them or the boards are adhered to the
masonry after it has been erected, as is necessary
in the case of concrete-block construction.

The use of expanded polystyrene as a plaster base
in masonry homes and as perimeter and floor slab
insulation has been accepted by public housing au-
thorities. ’

GOOD ROOF INSULATION

Expanded polystyrene is an excellent roof insula-
tion. However, in this application, special techniques
are necessary for build-up roofs. The heat distortion
temperature of expanded polystyrene is lower than
the application temperature of m-=terials used for

FIG. 2.2.2: Plaster will be applied directly on these
expanded polystyrene boards.

hot roof applications and the insulation must be pro-
tected to prevent thermal distortion. This has been
done by applying a one-quarter inch layer of Port-
land cement mortar or by using one layer of roofing
felt. The advent of cold roofing methods and im-
proved techniques for hot roofs have broadened the
application of expanded polystyrene in this use.
Figure 2.2.5 shows expanded polystyrene boards
as roof insulation on a wood roof deck, and a layer
of roofing felt as a protective medium against the

FIG. 2.2.3: Expanded polystyrene boards on sand
fill with concrete poured over them.
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FIG. 2.2.4: Expanded polystyrene boards used in a perimeter installation

hot application. The felt is nailed through the insula-
tion to the wood roof deck. Adhesives are required
to apply the layer of felt when the deck is steel or con-
crete.

Figure 2.2.6 illustrates an unusual roof application,
used in cold storage rooms. This method would apply
only for roofs which need at least two two-inch-thick

layers of insulation. Two layers of boards are laid
directly on bar joints with Portland cement between
the layers and on the top surfaces. This forms a
sandwich construction of the top layer, resulting in
strengths sufficient to meet the building code require-
ments for roof decks. A standard build-up roof is
applied to the Portland cement layer on top.

FIG. 2.2.5: Expanded polystyrene boards on a roof installation



FIG. 2.2.6: Expanded polystyrene boards on roof
construction; top layer forms a "sandwich".

The use of expanded polystyrene as a core mate-
rial in sandwich construction is in a relatively early
stage of investigation. Panels with skins of concrete,
plywood, metal, and fibrous glass, reinforced with
styrene polyester, are being investigated. The high
strength-weight ratio, low thermal conductivity and
the water resistance of polystyrene make it a very
interesting core material for construction of these
types.

An interesting load-bearing wall construction using
an expanded polystyrene core is shown in Figures
2.2.7 and 2.2.8. Boards are first placed against a

FIG. 2.2.7: Expanded polystyrene boards on a load-
bearing wall construction; concrete sprayed.

temporary wood framework; then a one-inch layer
of reinforced concrete is applied by spraying. The
framework is removed and a similar layer is applied
to the inside, resulting in a strong sandwich type of
construction.

Condensation and moisture control have always
been an important point in building construction and,
with the increase in air-conditioned buildings, further

FIG. 2.2.8: Another expanded polystyrene board load-bearing wall
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attention to this problem is necessary. The problems
resulting from water in walls, roofs, floors and founda-
tions are well-known—exterior point paint blistering,
loss of insulation effectiveness, decay of wood, and
unpleasant dampness on floors and in basements.

The primary function of a vapor seal is to prevent
the passage of water and water vapor. In addition
to having low water vapor transmission and being
durable after installation, it must be puncture proof
and tear resistant to allow economical installation
without impairing the water sealing properties. Vapor
seals are applied at the point in a structure where the
water-partial vapor pressure averages the highest.
Above grade, this is generally on the inside (warm
side) of the building, while in foundations and floor
slabs the seal is placed on the outside.

POLYETHYLENE AS VAPOR BARRIER

Several plastic films and plastic film—aluminum
foil laminates have sufficiently low water-vapor trans-
mission rates to classify them as water-vapor barriers.
Most of these, however, have not been used in build-
ing construction because of cost, puncture resistance
or lack of economical installation methods. Recently,
because of the availability of low-cost polyethylene
film, considerable work has been done on its use as
a vapor barrier in walls, under floor slabs and in
crawl places of dwellings.

Polyethylene film is a tough, water-resistant mate-
rial available in widths up to 16 feet and in varying
thicknesses. It does not deteriorate with age, be-

come brittle or crack. It is unaffected by extreme
temperatures or humidities.

As a vapor barrier, polyethylene film is used in
thicknesses of 2, 4 and 6 mils. Walls and ceilings
exposed to unheated areas are vapor-proofed with
a two-mil thickness applied as near as possible to the
warm side of the construction. Where joints occur,
they are placed over solid or continuous backing
and are laped from three to six inches. The joints
may be heat-sealed to form a continuous barrier. In
wood floors the polyethylene film is laid between
the wearing floor and the subfloor.

Four- to six-mil film is recommended for concrete
floors and foundation walls. It may be positioned
against the outside wall before back filling, or it may
be placed on the inside form before the foundation is
poured. On concrete floors the film should be applied
over a sub-grade which has been smoothed to elimi-
nate protrusions that will cause damage or rupture
the film.

The use of polyethylene film as a vapor-barrier
material has been accepted by several Government
agencies interested in housing developments.

The recently-introduced Mylar polyester film-alumi-
num foil laminate, which has extreme toughness and
zero water-vapor transmission rate, should find appli-
cation in the building field. Thus far, this material
has been used primarily as a vapor barrier to protect
insulation in low-temperature applications in which
the water-vapor problems are much more severe than
is the case in most buildings.



PLASTICS IN STRUCTURAL PANELS

By A. T. Waidelich*
The Austin Company

N CURRENT technical literature, it is apparent that

there is no generally accepted definition of build-

ing “panels.” The term is used for everything from

simple glazing and corrugated sheets to large, complex
sandwich construction.

To avoid overlapping other papers at this confer-
ence, this paper will limit its discussion of “structural
panels” to large prefabricated building units, made
up of two or more components—which units, in addi-
tion to other functions, must carry certain live loads,
either in the plane of the panel or transverse to it.

The use of such structural panels in buildings is
a relatively new development—in any material; and
only very recently have plastics been used in these
panels. This paper describes a number of such in-
stallations.

Structural panels—again, in any material—can be
produced most economically when there is a great
deal of duplication. Two building fields, in particular,
allow this degree of duplication: individual houses,
and the field of larger buildings. Because of basic
differences, these two fields of application will be con-
sidered separately.

STRUCTURAL PANELS FOR HOMES

The traditional frame house has a framework of
vertical studs, with sheathing on the outside of the
studs and some type of finished wall on the inside.
Structural panels can be incorporated into this type
of construction by using a more open framework of
structural members on which, or between which, can
be placed insulated panels. Essentially, this was the
technique used in the Lustron porcelain enamel house
which had a light steel framework. Plastic panels

*A. T. Waidelich is Vice President of The Austin Company,
Cleveland, Ohio. He was graduated from Drexel Institute
with a B.S. in civil engineering and has a master’s degree
from Massachusetts Institute of Technology. He has been
with The Austin Company since 1936, first as structural de-
signer in the New York district office of the engineering and
construction firm and later was manager of its research divi-
sion in Cleveland. He has served on the staff of M.I.T. and
was an assistant professor of civil engineering at Robert Col-
lege, Istanbul before joining The Austin Company. He is a
member of the American Society of Civil Engineers, American
Concrete Institute, National Society of Professional Engineers,
American Welding Society and Tau Beta Pi. He practices
as a professional engineer in 16 States. He is a member of
the Building Research Advisory Board and was a memmber of
the Atomic Energy Commission’s Committee on Site Review.

could be used with a similar framework, but this
approach is not too attractive—there are too many
elements and units, and a great deal of field labor.

If plastics are to be used economically in structural
panels in houses, we will probably have to depart
from this traditional construction and follow the lead
of more recent prefabricated housing. In individual
houses, the spans and the loads are so small that the
walls can be structurally adequate without any skel-
etal framework.

Thus, it is possible to build the walls, partitions and
roof of a house using only a relatively few prefabri-
cated structural panels. Such panels have generally
been conceived as a sandwich with thin, strong ex-
terior faces separated by a thicker, but lightweight,
core material.

The U. S. Forest Products Laboratory has made
extensive tests' of this type of house construction on
an experimental building at Madison, Wisconsin. The
walls, floors, partitions and roof were prefabricated
sandwich panels (Figure 2.2.9). Most of the panels
had paper honeycomb cores, but several facing mate-
rials were used for comparative purposes: veneer,
plywood and aluminum.

This experimental building was erected over seven
years ago and, apparently, at that time plastic fac-
ings did not receive serious consideration; at least
none was used. However, phenolic resins were used
to impregnate the paper honeycombs and as a glue
in the sandwiches.

About six years ago, the first Acorn House? was
completed in Concord, Massachusetts. This also used
sandwich panels of waterproof plywood on a paper
honeycomb, but went a step further in having the
panels hinged so that the house could be folded up
to about one-fifth its volume, trucked to the site, and
again unfolded into its finished form (Figures 2.2.10
and 2.2.11).

These examples are mentioned—not because they
indicate the only approach to plastic structural panel
in houses—but because they do seem to provide one
approach that has potentialities for success.

In Midland, Michigan, several houses® have been
built using 4 foot by 8 foot structural wall panels
consisting of faces of l/4-inch waterproof plywood

*U. S. Housing and Home Finance Agency, Technical
Paper No. 7, February 1948.

? Architectural Record, May 1950.

! Designed by Architect Alden Dow.
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FIG. 2.2.9: Forest Products Laboratory experimental house

bonded to a core of expanded polystyrene. The
adhesive also is a plastic—a recorcinol-type thermo-
setting resin. By the use of a press and dielectric
heating, true flat panels were cured in about one
minute.

In the first house using these panels, a vertical
2-by-4 wood spline was used to join the panels. In
later houses, the splines also have been a sandwich
and the spline and panels have been glued together
in the field, using a portable dielectric heating unit
(Figure 2.2.12).

The oldest of these houses has been occupied for
several years and the performance of the panels has
been reported to be entirely satisfactory.

The expanded plastic core ably carries out its
functions: to stiffen the structural faces, to provide

ample and continuous insulation, and to act as an
excellent vapor seal. In addition, this core material
is sufficiently compressible so that, when pressed be-
tween the plywood faces, it conforms tightly and
uniformly, thus permitting a very satisfactory bond-
ing of the three components.

Expanded polystyrene has also been used in over
150 houses at Port Huron, Michigan. There the
structural wall panels are precast concrete slabs backed
by a one-inch-thick board of the expanded plastic.
The plastic insulation board is placed in the form and
then the concrete is poured on the insulation. An
intimate bond develops upon setting. The precast
panels are then trucked to the site and erected. After
erection, an interior plaster coat is applied directly
to the expanded plastic.

FIG. 2.2.10: Assembling sandwich panels for Acorn House
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FIG. 2.2.11: Completed home by Acorn Houses, Inc. Concord, Mass.

ALL-PLASTIC PANELS

From these types of panels, there is only one step
remaining to achieve an all-plastic structural panel—
the use of stiff plastic sheets for the faces. These
faces could be a single thickness of plastic, or a lami.
nate. To best fulfill their different functions, the out-
side face could be of a different material from the
inside face. Similar panels could be used for the
partitions,

Such panels are now under development and will
be described later, but to my knowledge there has
been no house built using all-plastic structural panels.
It may be some time before we will see such a devel-
opment—as much for sales and promotional reasons
as because of technical problems. In the meantime,
however, there is no reason why plastics should not
be used for one or more of the components, with ply-
wood, metals or other materials making up the re-
mainder of the sandwich.

How quickly plastics may replace some of these
other materials will depend on ingenuity and on devel-
opments of both builders and chemists. For the
builder, there still remain many problems in design

FACED WITH PLYWOOD

and details, such as finding satisfactory methods of
joining the panels and techniques for reducing the
cost of fabrication and erection. For the chemist,
there is the problem of reducing the cost of the plas-
tic materials and, at the same time, improving their
properties—particularly their ability to withstand
higher temperatures. If self-extinguishing plastics
could withstand the ignition temperature of wood,
they would be better fire risk than wood, which is
still the predominant material for house construction.
Progress is being made in this direction; only about
a month ago there was an announcement of a rein-
forced plastic laminate that will withstand tempera-
tures of 500 degrees.

As contrasted with houses and other small build-
ings, larger buildings generally consist of a skeleton
structural frame which is clothed with walls and a
roof. If the building has more than one story, the
floors above grade are also carried by the structural
frame. And, in general, partitions and other interior
walls carry no vertical loads other than their own
weight.

At present, the use of plastics for the structural

FIG. 2.2.12: Plywood-faced plastic structural panel
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FIG. 2.2.13: Wall has an insulating core of ex-
panded polystyrene.

frames of large buildings is not a live prospect. Plas-
tics cannot compete in cost with steel or concrete for
major structural members. But—even more basic—
plastics do not yet have the necessary strength under
higher temperatures. There is a possibility that plas-
tics may be developed which will be sufficiently strong
and resistant to high temperatures to be suitable for
the structural frame. If they can also be made at a
competitive cost, they might then be used for struc-
tural members. However, plastics do have an im-
mediate field of application in the shell of the build-
ing, particularly in wall panels and in partitions.
There are a number of examples of such applications.

PANELS HAVE PLASTIC CORE

A large warehouse building in Midland, Michigan,
has exterior walls made of precast wall panels with
an insulating core of 1%-inch-thick expanded poly-
styrene (Figure 2.2.13). The thickness of the con-
crete surfaces is 134 inches, making a total slab
thickness of 5 inches.

These panelst are 8 foot by 10 foot and are sup-
ported by structural steel framing. The appearance
of the wall is attractive and the performance has
been satisfactory. As was mentioned earlier in dis-
cussing wall panels for houses, expanded plastics
have numerous advantages as an insulating core mate-
rial.

Plastics have also been used as the skins of sand-
wich panels with honeycomb cores. Three such panels
were installed in the Radar Research Laboratory pent-
house at M.I.T. They consist of 134-inch-thick paper
honeycombs impregnated with a phenolic resin,
bonded between skins consisting of a clear polyester

*Fabricated by The Marietta Concrete Corporation.
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FIG. 2.2.14: Decorative plastic structural paneling

reinforced with glass cloth.® Two of these panels are
8 foot by 10 foot and are used in walls; the other
panel is 8 foot by 12 foot and is used as a skylight.
Plastics were used because they permit excellent trans-
mission of radar signals, and the sandwich construc-
tion was used to develop adequate strength for wind
(and snow) loads.

Since the penthouse is on the roof of a six-story
building, these panels are exposed to substantial wind
pressures. In fact, these panels successively survived
the two hurricanes which hit Cambridge this fall
with wind velocities of up to 100 miles per hour.

In our electronic civilization, plastics will have
many structural applications in which it is important
to avoid the distortion of radio signals. For some
time, the Weather Bureau has used spherical plastic
shelters for housing meteorological direction-finding
equipment. These spheres are about 14 feet in diam-
eter and are assembled from eight interlocking panels.
Although these sections are each a single skin, they
can be classified as structural panels since they have
great resistance to lateral loads, both because of their
shape and because they have radial flanges. The
material is a laminate of 12 layers of glass cloth and
a plastic resin, with a finish application of a silicone.

A most interesting variety in the application of
plastics to structural panels occurs in a recently com-
pleted building at Manchester, New Hampshire® (Fig-
ure 2.2.14). One panel, between two large sash areas
is three inches thick and is made of a solid core of
balsa with skins of 4-inch tempered pressed wood

board, on which is a sprayed polyester surfacing.

®* These panels were fabricated by Acorn Houses, Inc., Con-
cord, Massachusetts.

¢ Office and plant of Keller Products, Inc. The panels de-
scribed were designed and fabricated by this company.



GLASS CLOTH POLYESTER LAMINATE

rsx PANDED POLYSTYRENE (4 i*/cr)

‘ SO
s s . L]
< (2] C e, .
L
-l
NOMINAL 4'-0" L *
EXPANDED POLYSTYRENE (27/CF)

EPOXY RESIN ADHESIVE THROUGHOUT

FIG. 2.2.15: Composition of a plastic structural panel

There are also a number of similar panels which
are 4 feet wide by 20 feet high. The exterior surface
is sprayed with a pigmented polyester to achieve a
rust color. The interior surface is a polyester-impreg-
nated printed paper. The panels are joined in an
extruded aluminum shape.

Ten light-colored wall panels are 4 feet wide by
10 feet high and have an aluminum grid as a core.
Bonded to this core are skins of 0.050-inch thick
polyester, reinforced with glass fiber mats. These
panels are translucent and, with light on the opposite
side, the rectangular pattern of the aluminum grid
produces an interesting effect.

This building also contains four similar panels
4 feet by 16 feet which are installed in the roof as
horizontal skylights. And, as a matter of interest,
it should be mentioned that the floors of the second
story are structural panels using a 4-inch-thick paper
honeycomb and plywood skins. In these panels, plas-
tics are used only for bonding and to impregnate
the core.

IS AN EVOLUTIONARY APPROACH

This building is of particular interest because it
indicates the evolutionary approach which has been
taken with respect to both structural panels and the
use of panels in them. Actually, the use of prefabri-
cated structural panels of large dimension is itself
relatively new—in any material. Many problems in
design and in the basic details of the joints still are
short of their ultimate solution. Therefore, many
of the problems of using plastics in structural panels
result from the shortcomings of the particular panel
design—and not from the plastic.

In developing structural panels in the building
field, much can be learned from the earlier experience
in transportation. Sandwich panels have been used
for some time in aircraft; are rapidly gaining favor in
truck and trailer bodies, and have invaded the field
of naval architecture.

Sandwich plastic panels were used in the super-
structure of a 96-foot towboat completed early this
year.” Its superstructure is really a small building;
it has a structural framework of aluminum members
which support the roof and the exterior and interior
bulkheads, all of which consist of plastic structural
panels. The largest panels (in the roof) are 9 feet
4 inches by 4 feet and are 1% inches thick. All
panels have faces and edges of polyester resin rein-
forced with glass fibers and are pigmented to achieve
the desired color.

For test purposes, a variety of core materials was
used: expanded vermiculite, end-grain balsa, impreg-
nated paper honeycomb and cellular cellulose acetate.

About a month ago, another vessel was announced,
of which practically the entire structure is plastic.
This is a 50-foot, self-propelled inland waterway barge
for the Army.® The hull consists of a number of
sections—each a complete water-tight unit—which
can be shipped individually and assembled in the
water.

The outer skin of the hull is 3/16-inch thick and is
a laminate of polyester resin reinforced with glass
cloth. The inner skin is similar but only 1/8-inch
thick. These skins are bonded to a 1-inch-thick, 8-
ounce cotton duck honeycomb impregnated with
phenolic acid. The resulting sandwich is reported to
be more rigid than 34-inch steel and to weigh only
one-fourth as much.

These hull sections were built up, in layers, over
a plywood form, resulting in a seamless unit. Such a
construction is not possible for a large building and

"Designed and built by Nashville Bridge Co. and developed
in cooperation with the Army Transportation Research and
Development Command at Fort Eustis. The plastic panels
were developed and built by Keller Products, Inc.

* Designed by W. R. Chance and Associates in cooperation
with the Army Transportation Research and Development
Command, and constructed by the Plastics Division of the
Englander Company.
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it is in working out the necessary joint details be-
tween the many wall panels of a building that a great
number of the practical problems arise. However,
the lesson that can be learned from this vessel is that
it is perfectly practicable to make plastic structural
panels that are just as strong and rigid as metals—
and they will be much lighter in weight.

BRIGHT FUTURE IS FORESEEN

From the few examples given here, it is evident
that plastics have good possibilities of satisfactory
use as core material, as the sheeting on the core, and
as surfacing on other sheeting material.

Probably this use of plastics—in conjunction with
other materials—may prove to offer the plastics in-
dustry its largest market in structural panels. How-
ever, the possibility of satisfactory all-plastic building
panels is also good.

There has been considerable development work on
one type of all-plastic panel, ‘which is now available
in certain dimensions.” It consists, essentially, of
expanded polystyrene, bonded between faces of glass
cloth polyester laminates (Figure 2.2.15). The core
material, the plastic bonding material and the rein-
forced faces are all self-distinguishing. For different
applications, variations are possible in the density of
the core and in the thickness of the faces.

While studying the place for plastics in building,
its use as an aid to conventional construction must
not be overlooked. One such interesting use for
plastics is as a form for concrete construction. The
strength and resilience of plastics, their smooth sur-
face. and their resistance to water and to the chem-
ical action of fresh concrete are all important advan-
tages in their use as concrete forms. But they have
another important advantage in their moldability to
any desired shape. Forms with curved surfaces—
particularly if the surfaces are curved in two direc-
tions—always involve considerable work if they are
made in wood. Curves present no particular problem
with plastics and may even be an advantage in giving
the form greater strength.

*The all-plastic panel developed by Haskelite Manufactur-
ing Company, Grand Rapids, Michigan.

Such plastic forms made of reinforced polyester
have been used in waffle lift-slabs. Their dimensions
are roughly 2 feet by 2 feet by 10 inches deep. Al-
though strong enough to retain their shape during
the pouring of concrete, their flexibility makes it easy
to strip them from the finished work. They have
proved very satisfactory and one construction com-
pany reports that, after 30 reuses, the forms are still
satisfactory.

Plastic forms were also used to precast the rein-
forced concrete floor and roof panels for a building
in Washington State.!° The concrete panels were as
large as 4% feet by 20 feet. The top slab was 11/-
inches thick with longitudinal edge joists 8 to 10 inches
deep braced with transverse ribs 4 feet on centers.

The form was a single sheet of plastic Y4-inch thick,
supported on wood ribs in a steel frame. Each form
was fabricated in one day by a boat builder who is
producing plastic hulls. The form was a five-ply
laminate of glass fiber and a polyester resin.

This form was light in weight (which facilitated
handling and stripping), gave good heat transfer (for
rapid steam curing) and was easily cleaned. The
plastic was not stained by the form oil and produced
a smooth, clean concrete surface.

Although these forms have a high initial cost of
about $5 per square foot, it is reported that they are
virtually indestructible and that they are still service-
able after several hundred reuses. Any holes that may
occur can be patched easily.

CONCLUSION

Thus, there is an intriguing two-fold future for
the use of plastics in structural panels: as components
of the panels themselves; and as forms for precast
concrete elements. This latter use should not be over-
looked while pursuing the more glamorous goal of
an all-plastic building. The essence of the successful
precasting of concrete is a strong, dimensionally-
stable, easily-stripped, easily-maintained form that
will permit hundreds of reuses. This construction
market is available to plastics today.

® Engineering News-Record, October 22, 1953. The forms
were designed and used by the Associated Sand and Gravel
Co., Everett, Washington.



GENERAL DISCUSSION

MR. HUNTZICKER: We are going to call Mr.
Kennedy and Mr. Waidelich back to the platform for
a question period which will be moderated by Mr.
Abner L. Roe. Mr. Roe is Vice President and Treas-
urer of the the Wm. P. Lipscomb Company, Inc., in
Washington, D. C. He is a graduate of the College
of Engineering and Architecture of the University of
Michigan. He formerly worked for the James Baird
Company, Inc., as Vice President of its Washington
office, and with the United States Navy Civil Engi-
neer Corps. He is currently President of the Master
Builders Association (A.G.C.), a member of the Con-
struction Contractors Council, Washington Board of
Trade, Washington Kiwanis Club, and the Washing-
ton Building Congress. He is a member of the Dis-
trict of Columbia Commissioners’ Building Code Com-
mittee.

I feel that Mr. Roe should be in a very good posi-
tion to moderate a question period. Mr. Roe?

MR. ROE: With this introduction, I don’t know
exactly what to say; I don’t know that I have ever
been a moderator before, but I will try. I feel like
the lad who walked into the antique shop and said,
“What’s new?”

I am sure we all found out a lot of things that are
new. I don’t want to take up time as a moderator to
offer suggestions, but as a practical builder I would
think that those of you here in that same classifica-
tion would be thinking of cost, availability of mate-
rial, what labor handles this new material, and
whether we are going to get into any jurisdictional
disputes over it—and various and sundry things of
that kind. I am sure you have questions, and I don’t
have to offer suggestions as to what they might be.

I am advised by our staff here that your questions
must be addressed to me. I will then repeat them over
the microphone so that everybody will hear. I think
we have about twenty minutes. If anyone has any
questions? . . .

MR. KERN (Kern Modernizers) : Mr. Waidelich
showed a slide on an expanded polystyrene floor
which had been affixed by polyester resins. How did
he solve the problem of not allowing polyethylene
lining in contact with polyethylene foam?

MR. ROE: The question was in reference to the
make-up of one of the structural panels that was
shown on a slide. Mr. Waidelich?

MR. WAIDELICH: Actually, the skin was poly-
ester, but the bonding agent was not. My notes say
it was epoxy.

MR. A. M. STOVER (Naugatuck Chemical Com-
pany): I'd like to ask Mr. Kennedy if there is any

problem in expansion and contraction of polystyrene
foams when used as insulation, such as in temperature
changes.

MR. KENNEDY: Yes, there is a problem that must
be considered in the expanded form, and the thermal
coefficient of expansion is very much like that of the
basic plastic which Professor Dietz showed you this
morning. This can generally be overcome by use of
adhesives in the bonding agent. The expanding of
polystyrene foam particularly is less than that of its
elongation, I will say. So, if you bond it with Port-
land ce